


NATIONAL PETROLEUM COUNCIL 
1625 K Street, N.W., Washington, D.C. 20006 (202) 393-6100 

The Honorable 
John S. Herrington 
Secretary of Energy 
Washington, D.C. 20585 

My dear Mr. Secretary: 

June 8, 1988 

On behalf of the members of the National Petroleum Council, I am pleased to transmit 
to you the enclosed report entitled Integrating R&D Efforts, as approved by the Council 
on June 8,1988. This report was prepared in response to your request of July 2,1987. 

In the course of this study, the Council conducted a survey of U.S. petroleum and 
service companies to determine current and historical levels of oil and gas exploration and 
production research and development (upstream R&D). The results are reassuring; private
sector upstream R&D funding in 1988 will be more than $1 billion. Further, the survey 
shows a decline of only about 20 percent since the peak year of 1985 despite the far steeper 
decline in oil prices. The Council also reviewed current government-funded geoscience 
R&D programs that can be considered broadly related to oil and gas exploration and pro
duction. Expenditures on these programs will approach $500 million in 1988. 

The industry survey supports two additional conclusions. First, industry is addressing 
all research areas identified as having high priority, and no areas of importance were iden
tified that are not being covered by current efforts. Second, there appears to be some 
industry support for additional funding ($1-5 million) for increased cooperative R&D among 
industry, government, and academia. 

Rather than recommend a major "all in one" petroleum research institute analogous 
to the Gas Research Institute, the Council recommends two complementary but more 
modest initiatives that will integrate R&D efforts and promote cooperation and coordina
tion. These are: (1) the establishment of an industry forum to facilitate cooperative R&D 
projects; and (2) the selective increase of support for multidisciplinary university R&D 
efforts. Your new Office of Geoscience Research might coordinate requests for matching 
funds that might arise from operation of the proposed forum as well as requests from multi
disciplinary university and other efforts. 

The National Petroleum Council believes that the operation of a forum as proposed 
will provide industry advice on projects seeking matching government funds. Industry sup
port of projects through financial contributions is the most important evaluation of the 
relevancy of the proposals. 

The National Petroleum Council is pleased to be able to serve you and our nation. 
We sincerely hope that this study benefits you and the government in its effort to integrate 
its initiative in U.S. oil and gas research and will, ultimately, increase U.S. oil and gas recovery. 

Respectfully submitted, 

Enclosure 

An Advisory Committee to the Secretary of Energy 



INTEGRATING R&D EFFORTS 

A REPORT OF THE 

NATIONAL PETROLEUM CouNCIL 

jUNE 1988 

C. J. SILAS, CHAIRMAN, CoMMITTEE ON EsTABLISHING A PETROLEUM REsEARCH INSTITUTE 



NATIONAL PETROLEUM COUNCI L  

Edwi n L .  Cox, ChaiPman 
Lodwr ick M .  Cook, Viae ChaiPman 

Mar sha l l  W .  Nichol s ,  Executive DiPeatoP 

U . S .  DEPARTMENT OF ENERGY 

John s. Herringt on, SeaPetaPy 

The Nat i onal Petroleum Counc i l  i s  a federal  
advi s ory committ ee t o  the  S e cret ary of  Energy . 

The s o l e  purpo se o f  the Nat i on a l  P e t r o l eum 
Counc i l  i s  t o  advi s e , in form , and make 

recommendat i on s  to the S ecret ary of Energy on 
any mat t e r  reque s t ed by the Secret ary re l at i ng 

t o  pet ro l eum or the petroleum i ndus t ry . 

Al l Right s Re s e rved 
L ibrary o f  Congr e s s  Cata log Card Numbe r : 8 8 - 0 6 1 6 1 9  

@Nat ional Petroleum Counc i l  1 9 8 8  
Printed i n  t he Uni t ed S t at e s  o f  Ame r i c a  



TABLE OF CONTENTS 

INTRODUCTION . . • . • . . • . . . . . . . . . . . • . . • • • • • . . . . . . • • . • • • . . • 1 

SUMMARY AND RECOMMENDATIONS . . . . . . . . . • . . . . . . . • . . . . . . . . .  3 

Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Recommendat ions . . . . . . . . . . . . . . . . . . . . • . . . • . . . • . . . . • 5 
Di scus s ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

CHAPTER ONE : O I L  AND GAS RES EARCH AND TECHNOLOGY 
BACKGROUND • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 9 

I ndu s t ry Re s earch . . . . . . . . . . . . . . . . • . . • . • . . . • . . . . . •  9 
Univers i t y  and Gove rnment -Funded Re s e arch . . . . . . . .  9 
Techno logy Tran s fer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  
Improved Recovery Techno logy . . . . . . . . . . . . . . . . . . . . .  1 3  
Re servoir D e s c r ipt i on Techno logy . . . . . . . . . . . . . . . . .  1 6  

CHAPTER TWO : PRIVATE -SECTOR R&D - - NPC RES EARCH 
SURVEY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 9  

I nt roduc t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9  
Overa l l  Spend ing and Manpower Commi tment . . . • . . • . .  2 0  
Trend s in R & D  Empha s i s . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3 
Re l at ive Import ance o f  Maj or Re s earch Area s  . . . . . .  2 4  
Det ai led Re s e arch Top i c s  . . • . . . • . . . . • • . . . • . . . . . . . . 2 6  
Respondent s '  Concept o f  Re s earch 

Top i c s  Not Current ly Cove red . . . . . . . . . . . . . . . . . . .  2 8  
Survey Addendum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9  

CHAPTER THREE : IMPACT OF RESEARCH ON OIL RECOVERY . • . .  3 3  

Impact o f  Current EOR Re s earch . . . . . . . . . . . . . . . . . . .  3 3  
Impact o f  Re s e arch on Re servo ir 

Charac t er i z at ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 4  
Impac t  o f  Add i t ional Re search . . . . . . . • . • • • . . . . . . . .  3 5  
Expe ct ed Net Increase in O i l  Import s . . . . . . . • . . • • •  3 5  
Other Po l i cy Opt ions . . . . . . . • • • . . . . • . . . . . . . . . • . . . .  3 6  

APPEND IX A :  REQUE ST LETTER AND DESCRI PTI ON OF THE 
NATIONAL PETROLEUM COUNCI L  . . • . • . • . . . . . . . .  A- 1 

APPENDI X  B :  COMMITTEE ROSTER . . . . . . . . . . . . . . . . . . . . . . . . .  B - 1 

APPEND IX C :  SURVEY FORMS . • . . • . . . • . . . . . . . • . . • . . . . . . . . . C- 1 

APPEND IX D : SURVEY RESPONSES . . . • . • • . . . . . . . . . . . . . . • . • •  D- 1  

APPEND IX E : GOVERNMENT-FUNDED PROGRAMS RELATED TO 
PETROLEUM GEOSCIENCE . . . . . . . . . . . . . . . . . . . . .  E - 1  



INTRODUCTION 

I n  1 9 8 7, the Uni t ed S t a t e s  consumed 1 6 . 5  mi l l i on b arre l s  o f  
o i l  per day (MMB / D )  but dome s t i c  supply wa s only 1 0 . 6  MMB / D . 
Various stud i e s  by the Nat ional Petro l eum Counc i l  ( NPC ) and 
others have po int ed out t he growing leve l of U . S .  dependence on 
fore ign o i l  supp l i e s . The Energy I nformat i on Admi n i s t rat ion ' s  
( E IA ) 1 9 8 8  base  c a s e  forec a s t  i s  for pet ro l eum import s  t o  r i s e  
from the 3 5  percent leve l 1 o f  1 9 8 7 t o  5 1  percent in 1 9 9 5  and 5 5  
percent i n  t h e  year 2 0 0 0 . 

The increase in import s by t he ye ar 2 0 0 0  i s  c aus ed by the 
combinat ion of an e s t imat ed 1 . 8  MMB / D  incre a s e  i n  d emand and a 
pro j ec t ed 2 . 2  MMB / D  decre a s e  i n  dome s t i c  supp ly . The E IA supply 
pro j ect ion include s produc t ion from current booked r e s erves , 
improved recovery o f  o i l  in known f i e ld s , and new d i sc overie s .  
Imp l i c i t  in the E IA pro j ect ions are the cumu l a t ive e f fec t s  o f  
ext ens ive indus t ry ,  academic, and government re s e arch and d eve l 
opment ( R&D ) e f fort s . Without the s e  e f fort s , future U . S . o i l  
supp l i e s wou ld b e  l e s s . Conve r s ely , t here i s  the pro s pec t that 
increased and / or bett er-coord inat ed R&D e ffort s wi l l  s l ow the 
pro j ec t ed dec l i ne in U . S . supp ly and thus reduce import d epend
ence . 

The Uni t ed S t a t e s  has  over 3 0 0  bi l l ion barre l s  o f  oi l in 
known res ervo i r s  that i s  not current ly be ing recovered under the 
pre sent ec onomic and t echno log i cal cond i t i ons . The amount o f  
thi s o i l  t h a t  wi l l  ult imately become economi c a l ly recoverab l e  
wi l l  no t change t h e  impl i c at ions o f  t h e  long-range petroleum out
look . However, i t  is  an att ract ive t arge t  and is  the focus o f  
ext ens ive R&D ac t ivit i e s . 

By let ter dat ed July 2 ,  1 9 8 7 , the Honorable John S .  Herr ing
ton, Secret ary of Energy, c i t ed the need to " • • .  provide an 
industry per spe c t ive relat ive to fut ure i nt egra t e d / coord i nat ed 
re search and deve lopment needs . "  I n  h i s  l e t t e r , the Secret ary 
reque s t ed the NPC t o  report on the " • • •  f i r s t  bas i c  que s t ion o f  
the advi s ab i l i t y  and fe as ibi l i t y  o f  e s t ab l i shing a pet ro l eum 
research ins t i t ut e  [to addre s s  t h i s  need] . " ( S ee Append ix A for 
the complete text of the Secret ary ' s  l et t er . )  

1 Annual Energy Out look 1 9 8 7  (Wash ington , D . C . : E nergy 
Information Admin i s t r at i on, March 1 9 8 8 )  . 
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T o  a s s i s t  i n  re s pond ing t o  the Secret ary ' s  reque s t, t he 
Counc i l  formed the Commi t t ee on E s t ab l i shing a Pet rol eum Re s e arch 
I ns t i tute under t he cha i rmanship of C .  J. S i l a s, Cha i rman of the 
Board and Ch ie f Execut ive O f f icer, Phi l l ip s  Petrol eum Company . 
The Honorable J. A l l en Wampler, As s i s t ant S ecret ary, F o s s i l  
Energy, U . S .  D epartment o f  Energy, s erved a s  Government Cocha ir
man o f  the Commi t t e e . The roster o f  the Commi t t ee is  shown in 
Appendix B . 

I n  deve loping i t s  approach t o  the s tudy, the Comm i t t ee de
c ided that it  mus t first  determine whether t here are  areas o f  o i l  
recovery re s e arch that are not rece iving ad equat e at t ent ion . The 
Commi t t ee was a l s o  concerned that the fu l l  ext ent of i ndu s t ry ' s  
int e rnal R & D  a c t i vi t i e s  were not we l l  known or und er s t o od . 
Accord ingly, a survey wa s conduc ted o f  current and h i s t o r i c a l  
leve l s  o f  exp l orat i on and produc t ion ( upstream )  res earch . The 
pub l i c  account i ng f i rm of Arthur Andersen & Co . wa s ret a i ned by 
the Counc i l  to c o l l e c t  the survey dat a . Arthur And er s en was 
ins t ructed t o  ho ld all responses  i n  s t r i c t  confi dence and t o  
provide only aggregated d at a  t o  the NPC . The aggregated resul t s  
o f  the survey and a l a t er addendum t o  the survey are d i s c u s s e d  i n  
Chapter Two and Append i c e s  C and D .  

Th i s  report cont ains the survey resul t s and prov i d e s  t he 
Counc i l ' s  re s ponse t o  the S ecret ary ' s  reque s t . 
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SUMMARY AND RECOMMENDATI ONS 

SUMMARY 

To aid i n  t he a s s e s sment of  the impac t o f  add i t iona l R&D 
init i at ive s on dome s t i c  oil  and gas s upply and how be s t  t o  lever
age any add i t ional fund ing , t he NPC conduct e d  a survey of i t s 
members . Det ailed re sult s are described i n  Chapt er Two . I n  s um
mary , the re sul t s l ead to the conc lus ion that privat e- sector 
expend i ture s on upst ream R&D i n  the Uni ted S t a t e s  wi l l  be  on t he 
order o f  $ 1  b i l l i on i n  1 9 8 8 . In the cour s e  o f  thi s s tudy , the 
NPC also rev iewed ava i l able report s on pub l i c - s ec t or r e s earch 
programs of re levanc e , e . g . , earth sc ienc e s , s a t e l l i t e  imagery , 
Arc t i c  researc h , grav i t y  and magnet i c s , and ocean s c iences . Ex
pend i ture s on the s e  programs in f i s c a l  year 1 9 8 8  wi l l  approach 
$ 5 0 0  mi l l i on . The s e  programs are broad ly rel ated t o  petroleum 
geos c i ence bec ause the fundament al knowledge t hey gene r a t e  ad
vanc e s  the general und er s t and ing of the geolog i c  proce s s e s  that 
govern o i l  and gas  accumulat i on . 

Ups tream re s earch s pend ing o f  the o i l  and s ervice compan i e s  
that re spond ed to t h e  NPC survey grew s t e ad i ly i n  t h e  e a r l y  1 9 8 0 s  
and more t han doubled i n  real terms between 1 9 7 5  and 1 9 8 5 . When 
o i l  pr i c e s  began to dec l ine prec ipit ou s ly in l a t e  1 9 8 5 , the 1 9 8 6  
spend ing plans o f  many companies turned from c ont i nued incre a se 
to sharp dec rease . As pr i c e s  cont inued t o  f a l l  i n  early 1 9 8 6 , 
budge t s  were aga in cut and s ome ma j or l ayo f f s  occurred . The c ut 
backs var i ed wide ly w i t h i n  t h e  i ndus t ry and i t  now appe ars  that 
they were mo s t  s evere i n  R&D ac t ivi t i e s  out s ide o f  t he indu s t ry ' s  
core bu s i ne s s  are a s  o f  o i l  and gas d i s covery and recovery . The 
cutbacks that occurred in the core areas t ended to be the h igh 
cost , h i gh r i sk area s  such as chemi c a l  f lood i ng and front ier ex
plorat ion . R&D comm i tme nt s s t abi l i z ed in 1 9 8 7  and 1 9 8 8  at  about 
80 percent of t he peak e f fort . 

I n  1 9 8 8 , the up st ream re search commi tment s o f  t he o i l  and 
service compani e s  responding to the survey t o t a l  s ome $ 8 1 1  mi l 
l ion and 6 , 5 0 0  man-years . Dome s t i c  up s t r e am r e s earch i s  a l s o  
be ing performed b y  pr ivat e research l abor ator i e s  and c ompan i e s  
i nvo lved wi t h  chemi c a l , so ftware , and geophy s i ca l  a c t ivit i e s , a s  
we l l  a s  b y  other oi l and �ervice c ompan i e s  n o t  inc l uded i n  the 
survey . It is e s t ima t ed that inc lud ing t he s e  f i rms wou l d  in
crea s e  privat e - sect or dome s t i c  ups t ream r e s e arch t o  more than 
$ 1  b i l l ion from the $ 8 1 1  mi l l ion reported by t he s urvey re spon
dent s . Con s iderable res earch is a l s o  conduc t ed internat i ona l l y  
and much o f  t h i s  work becomes avai lab l e  f o r  use i n  d ome s t i c 
ope rat ion s . Tot a l  ac t iv i t y  leve l s , t here fore , are s igni f i c ant ly 
highe r than those report ed in  the s urvey . 
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The NPC survey a l s o  sought opini ons on 7 8  spec i fi c  areas o f  
rese arch in geosc i ence and enhanced recovery . These t op i cs were 
ident i f i ed i n  prev i ous NPC , Nat iona l Research Counc i l , and Energy 
Research Advisory Board reports as being of potent i a l  impor t ance 
in  future o i l recovery . The respond ents were asked t o  prov id e  an 
assessment of the pr i or i t y  o f  the rese arch area and whether i t  
was being a c t ive ly pursued . The results i nd i c a t e  that  the i n 
dustry is focus ing e ffor t o n  t hose t op i c s  c on s idered t o  be o f  
med ium t o  h i gh pr i or i ty . Even most o f  the areas that the i nd u s 
t ry ,  i n  aggrega t e , r a t e d  as low pr ior i t y  are b e i ng worked on by 
some compan i es . Furthermore , the respondents d i d  not ident i fy 
signi f i c ant add i t ional areas where ma j or new ini t i at ives would be 
requ i red . There was , however , an expression of support for a 
mode s t  program o f  c ooperat ive research i n  the broad ly based area 
of geosc ienc e , with a st rong pre ference for i t  t o  be i ndust ry led 
and cont ro l l ed . The actual l evel of support by the i ndust ry wi l l  
be dependent on the spec i fi c  pro j ects that are propo s ed . 

From the survey responses , i ndustry has a re l a t ive ly equ a l  
d istr ibut i on o f  fund i ng be tween E xplorat ion ac t ivi t y  ( 2 9 per
cent ) , Reservoi r  Charac t er i z at i on and Enhanced O i l  Recovery ( EO R )  
( 3 4  percent ) ,  and O ther Produc t ion R & D  ac t iv i t y  ( 3 7  percent ) . 
Bec au s e  o f  the h i gh l y  c ompet i t ive nature o f  exp l orat i on for new 
reservo i rs ,  it was not cons idered l ikely that i ndu s t ry would i n
volve i tse l f  in  much coope rat ive re s e arch i n  t h is area . However , 
since improved recovery t hrough bet ter reservoi r  charac t e r i z a
t i on and EOR most ly app l i es t o  propert i es already under produc 
t ion ,  cooper at ive research is potent ial l y  more accept able . S ome 
topics , of course, are su f f i c i ent ly general in nature to apply t o  
both exp l ora t i on and deve lopment . Other Produc t ion R & D  covers a 
broad spec t rum o f  ac t iv i t i es ,  much o f  wh i ch is a l r e ady approached 
cooperat ively by i ndust ry , e . g . , dri l l ing , env i ronment a l , and 
of fshore research . Thus , the main thrust of t h is report focuses 
on improved reservo i r  charac t er i z at ion and EOR a imed at i ncreas
ing recovery from already d iscovered reservo i r s . 

Wi t h  the l arge quant ity o f  o i l  current l y  cons idered as unre
coverab l e  i n  the dome s t i c  reservoi rs ( est ima t ed t o  be over 3 0 0  
b i l l ion barre ls ) , and rest r i c t ed opportuni t ies t o  explore i n  many 
of the front i er areas , i t  has become i ncre a s ingly import ant t o  
the nat i on and t o  the indust ry t o  improve recovery from t he known 
resourc es . Improved capab i l i t i es in  re s ervoi r  charac t eri z at ion 
l ead ing to add i t iona l d r i l l ing opportuni t ie s  c ou l d  h ave a s i gn i f
icant impact , a l t hough t h i s  has not been quant i f i ed . Prev i ous 
stud i e s  by the NPC , though , h ave i dent i fied the r ange of  produc 
t ion rat es l ike l y  t o  r e s u l t  from t h e  app l i cat i on o f  enh anced re
covery t echno logy . Wh i le thi s is dependent on f ac t o r s  such as 
crud e  o i l price , government regul a t i on , and the  r at e  o f  develop
ment o f  t e chnology , the general c onc lusion i s  that d omest i c  EOR 
produc t ion might reach 1 MMB / D  by the year 2 0 0 0 , c ompared t o  
t oday ' s  produc t i on r a t e  o f  0 . 6  MMB / D . A l though t h i s wi l l  only 
part i al l y  o f f set  t he requ i rement for o i l  import s ,  neverthel ess i t  
is import ant t o  both t h e  nat i on and t h e  indus t ry . 

Re s ul t s  from the present study ind ic at e  t hat i ndust ry may 
wel l  be in a posi t i on to increase cooperat ive rese arch on some 
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spec i f ic pro j ec t s , e spec i a l ly wi th a focused d r ive t o  f ac i l i t at e  
such e f for t s . I t  i s  not expec t ed , t hough , that c ooperat ive j o i nt 
research wou ld i ncrease  dramat ically over t he current leve l i n  
view o f  the l arge and cont inuing indus t ry e f fort s now be ing pur 
sued . Whi l e  recogni z ing that c ooperat ive r e s e arch e f for t s  wi l l  
pot ent i a l ly be o f  bene f i t , ind ividual comp an i e s  are faced with 
balanc ing thi s aga i n s t  the s t eward ship c oncern of  be ing dependent 
on out s ide ent i t ie s  for res earch import ant t o  fu l l  deve lopment o f  
a company ' s  resource b a s e . Compani e s  wi th ma j or r e s e arch programs 
are not likely to c e a s e  such programs to ent er j o i nt pro j e c t s ,  
nor are they l ike ly t o  cont i nue such programs and s imu l t aneou s ly 
support broad-based cooperat ive research progr ams i n  areas im
port ant t o  a company ' s  overall  future . Bec au s e  o f  the import ance 
at t ached t o  re s e arch d i rec t ed t oward i ncreased o i l  recovery , in
dividua l compani e s  vo lunt ari ly part i c ipat i ng i n  j o i nt pro j ec t s  
wi l l  usual ly want t o  exerc i s e  subs t ant i a l  c ont ro l over the s cope 
of  the indiv idual proj ec t s . Any mechan i sm e s t ab l i shed to i n
crease  cooperat ive re s e arch should make provi s i ons for reas onab le 
cont ro l by i ndu s t ry part i c i pant s .  

RECOMMENDATIONS 

In re spon s e  to the Secret ary ' s  reque s t  for t he NPC to report 
on the " . • .  bas i c  que s t i on of the adv i s ab i l i t y  and feas ibi l it y  of 
e s t ab l i shing a petro leum re search ins t i tut e , "  and b a s ed on the 
find ings o f  th i s  s t udy, the NPC doe s not recommend e s t ab l i shment 
o f  a nat ional petroleum r e s e arch i n s t i tute  mode led a ft er the Gas  
Re se arch I n s t itute as d e s c r ibed in his  July 2, 1 9 8 7, l e t t er . 
However ,  the NPC recommend s two related but d i f ferent areas  for 
increased cooperat i on between indu s t ry, ac ademi a , and government 
that would e ff ec t i ve ly enhance the fut ure int egr a t ed and coord i 
na ted R&D e ffort s o f  thi s nat ion i n  i ncre as ing t h e  recovery o f  
o i l  and gas from already d i scovered re servo i r s . The s e  are : 

• An i ndu s t ry forum shou ld be e s t ab l i shed t o  f ac i l i t a t e  
add i t ional indu s t ry support for c ooperat ive pro j e c t s 
aimed at improving u l t imat e  o i l  recovery . The forum 
wou ld s erve a s  a veh i c l e  for propo s ed p ro j ec t s  t o  b e  
pre s ent ed t o  i nt e re s t ed part i e s  w i t h  part i c ipat ion t o  
be on a vo lunt ary ba s i s . 

• Support for mul t id i s c ip l i nary re s e arch in univer s i t i e s  
shou ld b e  encouraged with mod e s t  fund ing i ncrea s e s  in 
s e l e c t ed are a s . Th i s  i s  in  recogn i t ion o f  the d e s ir
ab l i t y  of  i nt egrat i ng e f fort s acro s s  the d i s c ip l ines 
that cont r ibut e t o  resourc e d e f i n i t i on and improved 
hydroc arbon recovery, i . e . , geology , geophys i c s, 
engineering, and related s c iences . 

The propos ed indu s t ry forum and t he mul t id i s c ip l i nary re
search pro j ec t s  are s e en a s  complement ary e ffor t s . I t  i s  ant i 
c ipated that synergy would deve lop between the two act ivi t i e s, 
with the forum provid ing a veh i c l e  for univers i t i e s  t o  s eek 
indus t ry fund i ng for mul t i d i s c ip linary pro j ec t s and i ndu s t ry 
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having improved acce s s  t o  the ex i s t ing re s e arch organi z a t ions i n  
academia . 

A l t hough i t  i s  probabl e  that a focused i nc r e a s e  in coopera
t ive res earch wi l l  result  in i ncreased oil produc t i on, it mus t 
be recogni zed that t he resul t ant sus t a i ning cont ribut i on t o  u.s. 
dome s t i c  o i l  product i on wi l l  be far from s u f f ic i ent , i n  and o f  
i t s e l f, t o  reso lve t h e  future energy problems o f  t h e  nat ion . Any 
increase in re s e arch fund ing is not a subs t i t u t e  for other po l i cy 
opt i ons that could a l s o  s igni f i cant ly improve o i l  and gas produc 
t ion, s uch a s  opening government l and s t o  explorat ion and e l imi
nat i ng d i s incent ive s  i n  the t ax l aws . 

DI SCU SS ION 

I ndus t ry Forum 

The propo sed indus t ry forum would be des igned to fac i l i t at e  
par t i c ipat ion i n  c ooperat ive re s e arch proj ec t s . Th i s  forum , or 
c l ear inghou s e, wou ld contr ibute t o  the nat i onal pe t ro l eum re
search e f fort by s erv ing a s  a veh i c l e  for propo s ed cooperat ive 
research pro j ec t s to be pre sent ed t o  int ere s t ed member s , and by 
providing i ndu s t ry with a mechani sm t o  s t imul a t e  r e s ea rch propo
s a l s  in are a s  t hat could be addre s s ed by cooperat i ve r e s earch . 
Part i c ipat ion i n  each r e s e arch pro j ect wou ld be on a volunt ary 
bas i s ; however , it is ant i c ipated that the forum wou ld i ncrease 
the current level o f  cooperat ive re search by enab l ing p ro j e c t  
sponsors t o  obt a i n  fund i ng more read i l y  and b y  s t imu l a t ing add i 
t iona l propo s a l s . A s imi l ar forum, conduc t ed by t h e  Lea s e  
Planning and Re s earch Commi t t ee o f  t h e  Alaska O i l  and Gas A s s o
c iat ion ha s been e f fec t ive in fac i l i t at i ng r e s e arch r e l a t e d  t o  
petroleum operat ions i n  the Arc t i c  dur ing t h e  pa s t  1 0  years . 
More recent ly, the Dri l l ing Engineer i ng As s oc i at ion e s t ab l i shed 
such a forum t o  s ponsor cooperative research in the area o f  
dri l l i ng . S ome 2 5  comp an i e s  are members o f  t h e  U . S . chapter , 
wi th a European chapter formed in 1 9 8 7 . From 1 9 8 3  through 1 9 8 7 , 
4 9  pro j ec t s  were forma l ly propo s ed t o  the membership w i t h  s ome 3 0  
pro j ec t s  s upport ed a t  a t o t a l  cost  o f  over $ 6  mi l l ion . 

The spec i f i c  ope rat i ng princ iples and proc edur e s  o f  an in
dus t ry forum shou ld be deve loped a ft e r  i t s  e s t ab l i s hment . It i s  
ant i c ipa t ed , however , that the forum would genera l ly operat e a s  
fo l l ows : 

• Mee t i ngs would be held periodical ly a t  l o c at i on s  mo st 
appropr iate to the membership for the purpo s e  o f  d i s 
cus s ing propo sed cooper at ive research pro j ec t s  with 
i ntere s t ed member s  o f  the forum . 

• Pro j ec t  s ponsors would s ubmi t propo s a l s  t o  forum mem
be rs for cons iderat ion . The terms and c ond i t i ons o f  
part i c ipat ion would b e  arranged between the  pro j ec t  
sponsor and pot ent i a l  part ic ipant s . The forum might 
provide a s t andard agreement for use i f  t he sponsor 
choo s e s . 
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• Propo s a l s  could be submitt ed by any qualified entit y, 
wi th qualific ations t o  be determined by the membe r s . 
I t  i s  expec t ed that forum members, a c ad emic in s titu
t ions , consult ing organiz ations, c ont rac tors, and 
independent re s earch l abor atorie s wou ld submit pro
po s a l s . 

• Par ticipant s wou ld e lect t o  j o i n  pro j ec t s  on an ind i
vidua l b asis . A pro j ect wou ld be considered fund ed 
when t he par tic ipation l evel me t t he pro j ec t  sponsor ' s  
mi nimum requirement . The int ere s t  expre s s ed by indus
t ry in fund i ng various propo s a l s  cou ld s erve a s  one 
mea sure o f  i ndu s t ry ' s  eva luation of pr ior i t y  and im
port anc e o f  the re s earch obj ec tive s o f  the propo s a l . 

• The dec i sion to seek add i t iona l fund i ng from t he 
Department o f  Energy ( DOE ) or other ent i t ie s  wou ld be 
made by the pro j ect sponsor in conj unc t i on wit h  t he 
partic ipant s .  The forum wou ld only maint ain i nforma 
t ion and record s regarding t o t a l  fund i ng and s t a t u s  o f  
pro j ect s .  

Re search pro j ec t s that indus t ry wou ld e le c t  t o  fund on a 
cooperative bas i s  would mo s t  likely be focused in area s  that do 
not o f fer a s t rong competitive advant age to par ticipant s, with 
high ly propriet ary ac tivitie s continui ng t o  be pursued i ndivid
ually by the member companie s .  As  discus s ed in Chapt er One, the 
nature o f  the o i l indus t ry is such that , in time, mo s t  of t he 
t echno logy is shared t hroughout the indu s t ry . While i t  i s  an
t icipated that the forum wou ld at t ract mo s t ly applied r e s e arch 
pro j ect s, any pro j ect sponsor that wished to s o lic i t  funding for 
a more fundament a l  re s e arch pro j ec t  shou ld be e nc ouraged to do 
so . Administrat ion of the forum wou ld be mo s t  e f fec tive ly 
hand led as  an ad j unc t t o  an ex i s t ing indus t ry organiz at ion such 
as  t he NPC . The forum would require a direc t o r , po s s ibly fu l l 
time , re sponsib l e  for org anizing and conducting the func t i ons o f  
t h e  forum . The parent organiz ation could provide s e c r e t a rial and 
administ rat ive servi c e s  and funding o f  the admin i strat ive ex
pen s e s . I t  i s  l ikely that an indu s t ry s t ee r i ng c ommit t e e  would 
be des i rabl e  to provid e input and direc tion t o  the forum . 

Mul tidisc iplinary Re s earch 

A l though the above described forum wou ld cont ribut e bene
ficia lly t o  the cha l l enge of improving overa l l  oil recovery , a 
gap wou ld s t i l l  exi s t  between the more app l ied forum- s pons ored 
ac tivity and the t rad i t ional support for re s e arch of a more fund
ament a l  nat ure . In particul ar, there has been a growing t rend in 
the ac ad emic community to e s t ab lish mul tid i s cip linary programs 
that int egrat e  geo logy, geophy sic s, enginee r ing, and re l at ed 
scienc e s  in order t o  obt ain an improved d e f i n i tion o f  the hydro
carbon re s ourc e and max imi z e  it s recovery . Thi s emphasis builds 
on the exper i ence o f  i ndu s t ry and other re s earch organi z at i ons, 
which has demon s t r a t ed the e f fec tivene s s  of a mu l t idiscip l i nary 
approach to improving o i l  recovery, both in r e s earch and in fie ld 
applicat ions . The t rend i n  academia has r e s u l t e d  in a number o f  
recent re s earch programs and propo s a l s ; e . g . , t h e  S t anford Center 
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for Re s ervo i r  Forec a s t i ng ,  where i ndu s t ry support s c oord inat ed 
re s e arch between t he Department s of Geology , Geophy s i c s , and 
Petroleum Engineer ing ; cooperat ive re s e arch o f  a s imi lar nature 
at the Univer s i t y  of Texas and Colorado S choo l of M i ne s ; and t he 
recent ly formed Geo s c ience I ns t i tut e for O i l  and G a s  Rec overy 
Re s e arch , wh i ch has the goal of coord inat ing mul t id i s c ip l inary 
re s e arch between s everal d i f ferent univer s i t ie s  and s t at e  organ i 
zat ions . 

I ndu s t ry pre sent ly support s petro leum- re l a t ed d i sc ip l ine s at  
univers i t i e s  through grant s , fe l lowship s , and s e l e c t ed re s e arch 
i nvo lvement . The s e  univer s it y  programs , that i n  t urn support the 
petroleum i ndu s t ry , have been severely a f fected by the i ndu s t ry ' s  
downturn and wi l l  probab ly require add i t ional s uppo r t  t o  ensure 
the ir future viabi l i ty . The propos ed forum and mul t id i s c ipl i nary 
e ffor t s  d i s cus s ed wou ld a s s i s t univer s i t i e s  i n  t he i r  abi l i t y  t o  
provide a n  adequat e  future s upply o f  t e chno l og i s t s for i ndus try . 

Wh i l e  con s iderable fund i ng may be avai l ab l e  within i nd i 
vidua l area s  o f  g eo s c i ence , the rec ent emph a s i s  o n  i nt egr at ed 
act i vi t i e s  i s  l arge l y  out s ide the purvi ew of the t r ad i t ional 
fund i ng s ources . Although indus try provide s s ome s upport t o  
the s e  mul t id i sc i p l inary e ffort s , they woul d  pot ent i a l ly bene f i t  
from a greater focus ing o f  t h e  e f fort and add i t ional fund ing by 
government and i ndus t ry of a limit e d  nature . S ome o f  the prin
c iple s that shou ld be cons idered are a s  fo l l ows : 

• Mu lt i d i s c iplinary research should be encouraged t o  mo s t  
e f fec t ively l everage advance s  i n  t h e  areas o f  geology , 
geophy s i c s , engi neering , and re l a t ed s c ience s . 

• Re s e arch should emphas i z e  deve l opment o f  methodologi e s  
t o  improve the abi l i t y  t o  charac t e r i z e  c omp l ex r e ser
voi r s  i n  t he subsur face . 

• Encouragement should be given t o  l ong range r e s e arch i n  
high potent i a l  areas that h ave a reas onab l e  chance o f  
suc c e s s ,  a s  we l l  a s  t o  pro j ec t s  t hat woul d  b e  u s e fu l  t o  
i ndu s t ry i n  the short term . 

• I ndus t ry input should be s ol i c i t ed t o  a s s i s t  i n  d eve l 
oping and priori t i z ing areas  o f  import ant r e s e arch . 

• To obt a i n  max imum par t i c ipat ion by i ndus t ry , the 
ac t ivi t i e s  propos ed for i ndus try fund ing should be 
pro j e c t -or iented rather than programma t i c , with i ndus 
try having the freedom to volunt ari l y  p ar t i c ipat e in 
t he d i rec t ion of i nd i vidual pro j ec t s .  

Presumab ly t he app licat ion o f  method s and proc e s s e s  deve l 
oped t hrough t h i s  ini t i a t ive c ould be commerc i a l i z ed t hrough 
cooperat ive j oint i ndus t ry pro j ect s funded through the i ndus t ry 
forum . The forum could a l s o  be used t o  s o l i c i t  indu s t ry suppor t  
for pro j ec t s t h a t  wou ld be proposed f o r  mat ch ing D O E  fund s . I n  
th i s  fashion , s ynergy woul d  be encouraged between t h e  i ndus try
led forum and the mul t id i s c ip l inary re s earch e f fort that wou l d  
probably mos t ly re s ide i n  academic i ns t i tut i on s . 
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CHAPTER ONE 

O I L  AND GAS RESEARCH AND TECHNOLOGY BACKGROUND 

INDUSTRY RESEARCH 

The dome s t i c  o i l  and gas i ndus t ry cons i s t s  o f  many pr ivat e 
companies , rang ing from a number o f  l arge int egrat ed f i rms t o  
thousands o f  sma l l  independent o i l  produc e r s . I n  add i t ion , t he 
pe trol eum indu s try i s  para l le led by a large and d iver s e  group o f 
compan i e s  that prov ide v i t a l  support s erv i c e s  t o  t he petroleum 
companies  i n  such areas as geophys i c s , dri l l i ng and we l l  s er
vic e s , we l l  s urvey ing , computer hardware and s o f tware , proce s s  
de s i gn , and cons t ruct i on . Although re l a t ively few o f  the thou
s ands o f  pr ivat e petro leum companies  actual ly c arry out s igni f i 
cant research , mo s t  o f  t h e  l arger oi l and g a s  c omp an i e s  and many 
compan i e s  in re l a t ed support s ervi c e s  for decad e s  have ma int a i ned 
large , broad-ba sed o i l  and gas re s e arch programs , in s ome c a s e s  
for 5 0  o r  more years . 

Petro l eum compani e s  perform re search because o f  t he s i g
ni f i c ant inc ent ive s t o  acquire and e f fe c t ive ly deve lop r e s ourc e s  
and bec ause o f  t h e  potent i al edge t o  b e  g a i ned i n  t h i s h i ghly 
compet i t ive bus i ne s s , e s pec i a l ly with respect to r e s ource acqu i 
s i t ion , t h e  l i feb lood o f  a resourc e company . Re s ea rch per formed 
by the support indus t r i e s  has been a ma j or cont r i but i ng f ac t or t o  
indu s t ry ' s  s t eady t e chnological  progre s s . As  might b e  expected , 
indus t ry and s upport -company l aborator i e s  focu s mo s t , but not 
all , e f fort s on app l i ed re search and devel opment . As  d i s cu s s ed 
lat er , unive rs i t ie s  and pr iva t e  re search i ns t i t ut ions , typi c a l ly 
wi th part i a l  f inanc i a l  support from indu s t ry and government , pro
vide a s igni f i c ant share of the more bas i c  res e arch ne eded by the 
pet ro l eum i ndu s t ry . In add i t ion to t echno logy d eve l oped w i t h in 
the Un ited S t at e s , dome s t i c  petro leum compani e s  have acce s s  to 
the resu l t s  of sub s t ant i a l  re search conduc t ed i n  other count r i e s . 

UNIVERS ITY AND GOVERNMENT-FUNDED RESEARCH 

The act ive research programs o f  the petrol eum i ndu s t ry and 
the support comp an i e s  are augment ed by sub s t ant i a l  re s e arch e f
fort s in univer s it i e s  and pr ivat e i n s t itut ions . I t  i s  beyond t he 
scope o f  th i s  s tudy to analyze thi s  re s e arch e f fort i n  det a i l or 
to accurat ely determine the l evel of fund ing . However , a br i e f  
de scr ipt i on o f  th i s  e f fort i s  provided below .  

DOE fund s a pet ro leum re s e arch program wi t h i n  the fos s i l  
energy budget . The fund ing leve l i n  f i s c a l  1 9 8 8  i s  nearly $ 2 0  
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mi l lion , but budget leve l s  for t he program may i nc r e a s e  a s  DOE 
provide s mat ching fund s for other programs . A much l arger e f fort 
in  the area o f  geo s c i enc e ( geo logy , geophysic s ,  and r e l a t ed s c i 
enc e s  nec e s s ary t o  a n  int egrat ed petroleum exp l orat ion and deve l 
opment e f fort ) i s  funded b y  a number o f  agenc i e s , a s  s umma r i z ed 
in Table  1 and det a i l ed in Append ix E .  

The fundament a l  knowledge generat ed by th i s  re s e arch e f fort 
advance s  the general understanding o f  t he geo logic proce s s e s  that 
govern oil and gas accumulat ion . For examp l e , data generated by 
the National S c i enc e Foundat ion ' s  Ocean Dri l ling Program cont r ib
ut e s  t o  our under s t and ing of t ectonic s  and b asin evo lut ion . D e ep 
s e i smic d at a  gather ing aids  in d e f i ning the b a s ement and d e t er 
mining the broad s t ructural charact er i s t i c s  o f  bas i n s . Knowledge 
of  heat f low in the earth cont ribut e s  t o  our abi l i t y  t o  pred i c t  
petrol eum s ource potent i a l . Whi l e  the s e  e f forts primari ly bene
fit explor at ion at the reg ional or t r end leve l , they a l s o  enhance 
our abi l i t y  t o  accurate ly d e f ine f i e ld s  and re s ervoi r s . W i thout 
a de finitive s tudy , one c annot e s t imat e  the t o t a l  r e s e arch fund 
ing that d i rect ly or i nd irect ly bene fit s the pet ro l eum re s e a rch 
ef fort , nor c an one be certain that a l l  the pert inent ac t ivi t i e s  
are l i s t ed . I t  i s  c lear , however , that fund s on t h e  order o f  
$ 5 0 0  mi l lion per year a r e  spent b y  t h e  gove rnment on r e s e arch 
broad ly related to pet ro l eum geo scienc e . 

The univer s i t y  e f fort in geo sc ience and o i l  and gas recovery 
re s e arch i s  not l imited to the government - fund ed programs inc lud 
ed in  Tab le 1 .  Add i t ional pro j ec t s  a r e  funded by p r ivat e indus 
try and other source s  that addre s s  pet rol eum re s e arch nee d s . l 
The fund ament a l  re s e arch conduc t ed by the unive r s i t i es provide s 
import ant s upport t o  the appl ied re s e arch c onduc t ed by the pet ro
leum indus t ry .  

TECHNOLOGY TRANSFER 

The result  of t h i s  d iver s e  and s us t ained ac t iv i t y  has been 
s t eady , continuing t echno logica l  progre s s  in  all are a s  import ant 
t o  the economic deve lopment of the nat ion ' s  pe t ro l eum r e s ourc e s .  
Government and ac ademic research i s  widely pub l i shed and i s  
ava i lab l e  t o  the publ ic . Add it iona l ly , wh i l e  propr i e t ary t e ch
nology and t he i nc ent ive s t o  deve lop and acqu i re such techno logy 
rema in import ant in t he petrol eum indu s t ry , t he indu s t ry h a s  
trad i t iona l ly s upported a high degree o f  t e chnology interchange , 
and pet r o l eum t echnology has s pread rapid ly throughout t he i n
dus t ry . 

1 I t  i s  e s timat ed by M .  Mi l ling , Texas Bureau o f  E conomic 
Geo logy , t hat approx ima t e l y  $ 2 6  mi l l ion wa s s pent a t  univer s i t i e s  
i n  1 9 8 7  on o i l  and gas  research programs . 

- 1 0  -



TABLE 1 

GOVERNMENT-FUNDED GEOSC IENCE PROGRAMS 
B ROADLY RELATED TO UPSTREAM RESEARCH 

( Det a i l ed program budget s  are provided i n  Append ix C ) 

Agency 

Department o f  
Ene rgy 

Nat i ona l S c i e nce 
Foundat ion , 
D i rectora t e  o f  
Geo s c ienc e 

U . S . Geologi c a l  
Survey 

Nat ional Oce anic 
and Atmosphe r i c  
Admini st ration 

Nat ional Aeronau
t i c s  and Space 
Admini s t ra tion 

Office  of Nava l 
Res earch 

* 

1 9 8 8  Fund ing 
(Mi ll i ons o f  Do l l a r s ) 

Geo s c i ence 
Tot al Progr am * Act ivit i e s  

1 4 2  -1 0 0 § Geothermal , Hot 

2 9 1  1 9 6  

4 4 6  1 7 6 

1 , 2 1 6  4 0  

3 , 2 9 4  

** 9 , 5 0 0  4 

D ry Rock , Therma l 
Re gions , Atmospheric 
G eo s c i e nc e s , e t c . 

E a rth S c i ence s , 
Ocean S c i e nce s , and 
Arct i c  Re s e arch 
P rogram 

Geolog i c a l  and 
M ineral Re s ource 

Re s earch i n  areas 
r e l ated t o  paleo
c l imat e , wor ld t opog
r aphy , and gravity 

Support t o  s at e l l i t e  
imagery e f fort s 

P ro j ec t s i n  areas o f  
oceanic c ircul at ion , 
world bathyme t ry , 
s ed iment ve l oc i t y , 
and grav i ty and 
magne t i c s  

Approx imat e fund ing leve l for act ivi t i e s  d i rect ly o r  i ndi-
rect ly app l i ed t o  pe troleum geo s c ienc e . 

§Geo sc ience project s , FY 1 9 85 l i s t ing , DOE / ER- 0 2 7 7 , repor t ed 
in Geo s c i ence Re s e arch for Energy Secur i t y  (Wash ingt on , D . C . : 
Energy Re s earch Advi sory Board , February 1 9 8 7 ) . 

�Re s earch act ivi t i e s  re l at ed to pet r o l eum i ndu s t ry are s i g
ni f i c ant; however ,  a l loc at ion of expend i tures r e l a t ed to geo
s c i ence i s  not po s s ib l e  without a more d e t a i l ed i nves tigat i on . 

** 
Unc l as s i fied bas ic research i n  the $ 6 . 5  mi l l i on Mar ine 

Geo logy and Geophy s i c s  Program only . 
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S evera l l arge and e f fect ive pro fe s s ional s o c i e t i e s  that re
late princ i pa l ly t o  oi l and gas cont ribut e t o  t e chnology i nt er 
change wit h i n  t h e  petro leum indu s t ry . The s e  s o c i et i e s , wh i ch are 
l i s t ed i n  T ab l e  2 ,  h ave over 1 0 0 , 0 0 0  members and provide forums 
for d i s s eminat ion o f  new t echno logy i n  geo s c ie nc e  and pet r o l eum 
engineering . I n  1 9 8 7 , over 1 , 8 0 0  technical  paper s  were pre s ent ed 
and / or pub l i shed at nat iona l , regiona l , and l oc a l  meet i ngs , work
shop s , and c our s e s . I n  add i t ion t o  these , numerous other pro fe s 
s iona l s o c i e t i e s  and trade a s sociat ions provide for exchange o f  
re s earch and t e chni cal  informa t i on o f  impor t a nc e  to o i l  and g a s . 
The petroleum i ndu s t ry h a s  a long h i s t ory o f  s upport for t he s e  
organi z at ions and their technology t ransfer e ffor t s . 

I n  add i t ion , there are s evera l  other me chani sms t hat con
tribut e  t o  the wide d i s s eminat i on of techno logy w i t h i n  t he petro
leum i ndu s t ry . Very few dome s t i c  oi l f i e l d s  are ful ly owned and 
cont ro l led by a s ingl e  company ; rather it i s  common for many com
panie s  ( large and sma l l )  t o  own intere s t s  i n  a s ing l e  f i e l d . I n  
order t o  carry out cert a i n  operat ions , such a s  e nh anced recovery 
proc e s s e s , the s e  d iver s e  owne rship intere s t s are t yp i c a l ly me rged 
int o a s ingle-un i t  operat ion under wh i ch a l l  owner s  bene f i t  by 
applicat ion of the l a t e s t  and mos t  e f fec t ive t e chno logy . 

I n  recent years , members o f  the pet rol eum indu s t ry , i n  
var iou s  comb inations , have conduct ed hundred s o f  j o int re s e arch 
programs d e s igned t o  deve lop r e s e arch resu l t s  of c ommon interes t .  
Groups such as the  Dri l l ing Engi neering A s soc i at ion and the 

TABLE 2 

MAJOR PROFES S IONAL SOCIETIES RELATING TO PETROLEUM I NDUSTRY 

Soci ety 

Soc iety of Pet ro l eum 
Engineers  

Amer i c an A s s o c i at ion of  
Pet ro l eum Geologi s t s 

Geo logi cal  Soc i et y  o f  
Ame r i c a  

Soc i ety o f  Explorat ion 
P al eont ol og i s t s  & Minera logi s t s  

S oc i ety o f  Exp l orat i on 
Geophys i c i s t s 

Soc iety o f  Pro fe s s ional We l l  
Log Analy st s 

Approx ima t e  
Membership 

5 1 , 0 0 0  

3 9 , 0 0 0  

1 6 , 0 0 0  

7 , 0 0 0 

1 8 , 0 0 0  

4 , 0 0 0  
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in 1 9 8 7  
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Alaska Oil and G a s  A s sociation have he lped t o  facilit a t e  t h e s e  
cooperative programs . Recent ly , joint re s earch wit hin and with
out the petroleum indus t ry has been encouraged by t h e  N ational 
Cooperat ive Re s earch Act o f  1 9 8 4 . The s e  j oint programs h ave 
augmented the re s earch programs o f  individua l c ompanie s and h ave 
been an additiona l vehic l e  for the dis s emination o f  u s e ful 
t echno logy . 

The support companie s are another conduit for t he f l ow o f  
technology wit hin the pet rol eum indu s t ry . M any o f  indu s t ry ' s  de
ve lopment s have been licensed for applic ation throughout indus 
try . Thus , for a number o f  technologie s ,  a l l  p e t r o l eum companie s 
can bene fit at a fraction o f  t he cost  a s s ociat ed with independent 
deve lopment . O f  cour s e , the s e  s upport companie s a l s o  c arry out 
their own research and make their t echno logica l  deve lopment s 
available to a l l  at competitive prices . 

The pet ro l eum indu s t ry has acc e s s  t o  a l ar ge body o f  pro f e s 
sional consult ant s i n  every phas e  o f  t h e  busine s s . Many o f  t he s e  
consult ant s were t r ained i n  indus t ry and a r e  avai l ab l e  t o  provide 
a sub s t antia l body o f  s t at e-of-the - art technology t o  those  need
ing as sis t ance . 

IMPROVED RECOVERY TECHNOLOGY 

Current oil production t echno logy wi l l  l e ave a s ub s t antia l 
portion o f  the oil in the reservoir at the end o f  the fie ld li fe . 
I t  has been e s timated that over 3 0 0  bil lion b arre l s  o f  oi l wil l  
remain in a l re ady di scovered fie lds a fter  c onventiona l produc tion 
operations are comp l e t ed . I t  is recogni z ed t hat only a sma l l  
frac tion o f  this potentia l i s  likely t o  b e  produced wit h  improved 
oil recovery te chno logy . This s till  repr e s ent s a signi fic ant 
inc entive for improved recovery ; that is , t he recovery of  addi
tional oil from already d i scovered fie ld s by app lying e x i s ting or 
new technology . Improved recovery is expected t o  come from two 
primary sourc e s : enhanced oil recovery and un swep t , mobile oil 
recovery . However , it is recognized .that other new t e chnology , 
such as  horiz ont a l  dril ling , may cont ribut e t o  improved recovery . 
For purpos e s  o f  this report , the fo llowing de fin i t ions are u sed : 

• Improved recovery - - recovery o f  oi l from a l r e ady 
dis covered fie lds that wil l  not be  recovered by 
conventional producing operations 

• E nhanced oil recovery - - the inc rement a l  u l timat e  oi l 
that c an be economica l ly re covered from a pet ro l eum 
re s ervoir over oil that c an be economica l ly recover ed 
by conventiona l primary and secondary met hod s 

• Unswept , mobile oil recovery - - recovery o f  mobile oil 
that i s  bypas s ed or otherwise  not produc ed by exi s ting 
we l l s . To recover t his oil , the accumu l ations mus t  be 
d e fined and additiona l we l l s  dri l l ed . 
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The EOR t arget provide s an i nc ent ive for r e s earch on EOR 
proce s s e s , whi l e  t he unswept , mob i l e  oi l t arget pr imar i ly 
mot ivat e s  r e s earch on r e s ervoi r  character i z at ion . Thi s  l att er 
cat egory requi r e s  an accurat e res ervo i r  descr ipt ion to de f i ne 
potent i a l  we l l  locat i ons where bypas s ed o i l  c an be c apt ured . An 
accur at e r e se rvo i r  d e s c r ipt i on is a l s o  e s sent i a l  to the d e s ign o f  
EOR pro j ect s .  

The o i l  and gas re s earch that has  been c onduc t ed w i t h i n  the 
pet roleum indus t ry , a s  we l l  as that conduct ed w i t h i n  univer sity 
and government programs , has provided s i gni f i c ant advance s i n  
bot h EOR and r e s e rvo i r  descr ipt i on t echno logy . The EOR method s 
that have shown s i gn i f i c ant promi s e  are c l as s i f ied i n  t hree gene
ral cat egor i e s : therma l recovery , mi s c ib l e  f l ood i ng ,  and chemi 
cal  f l ooding . EOR proce s s e s  h ave resul t ed in over 3 0 0  f i e ld 
app l i ca t i ons that current ly produce 0 . 6 4 mi l l ion barre l s  o f  o i l 
per d ay . Th i s  repre s ent s 8 perc ent o f  current U . S . crude o i l 
produc t ion . The s e  three proce s s e s  are br i e f l y  de s c r ibed below . 

Thermal recovery proc e s s e s  i nvolve the i nt roduct ion o f  heat 
into a pe t ro l eum r e s ervo i r , usua l l y  by the i n j ecti on o f  s t e am or 
the propagat ion of  a combu s t ion z one through a r e s ervo i r . Exam
ples  of such proce s s e s  i nc lude s t e am dr ive , cyc l i c  s t e am i n j ec 
t ion , and i n- s i tu combu s t ion . 

Alt hough relat ed patent s were i s s ued a s  early a s  the 1 9 2 0 s , 
the deve lopment o f  i n- s i t u  c ombust ion and s t e am i n j ec t i on proc 
e s s e s  began pr imar i ly dur i ng the 1 9 5 0 s . Thi s i n i t i a l  deve lopment 
wa s c lo s e ly fol lowed by f i e ld pro j ect s ,  wh i ch were s t ar t ed mainly 
i n  t he late 1 9 5 0 s  and early 1 9 6 0 s . As shown i n  T ab l e  3 ,  the num
ber o f  therma l recovery f i e ld pro j ect s i n  the Uni t ed S t a t e s  mor e  
t han doubl ed i n  the 1 5  y e a r s  between 1 9 7 1  and 1 9 8 6 . L i kewi s e , as  
shown in Tab l e  4 ,  thermal recovery oil  product ion h a s  increased 
s t e ad i ly . The rmal recovery i s  the mo s t  c ommerc i a l ly advanc ed EOR 
proc e s s , account i ng for 7 3  percent of the current U . S .  EOR pro
duct i on . Approxima t e ly three-quarters  of the current pro j e c t s  
are being conduc t ed o n  a f i e ld-wide bas i s . 

Mi scible f lood i ng involves the i nje c t ion into  a pet ro l eum 
reservoi r  o f  a mater i a l  that i s  mi sc ible , 2 or c an become mi s 
c ible , wi th the o il i n  the r e servoi r .  The primary mat e r i a l  
cons idered f o r  mi s c ible f l ood ing i s  c arbon d i oxide . However ,  
nit rogen and hydrocarbon gas e s  are a l s o  con s idered for spec i fi c  
proj ec t s . I ndus t ry prac t ice i nc lude s  a few pro j ec t s i n  whi c h  gas 
inj ect ion enhanc e s  o i l recovery by lower ing v i s c o s ity or swe l l i ng 
the o i l  even t hough mi s c ib i l i ty i s  not ach i eved . Pre s sure main
t enanc e by gas i njec t i on is  not i nc luded within the mi s c ib l e  
flood ing c ategory . 

2Mi s c ib l e  means t he s o lut ion o f  the i n j e c t ed gas i n  the 
reservo i r  o i l  in a s i ngle pha s e , charac t e r i z e d  by the abs ence of 
int er fac e s  between the flui ds . 
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TABLE 3 

NUMBER OF ACT IVE EOR PROJECTS 

EOR 
Proc e s s  1 9 7 1  1 9 7 4  1 9 7 6  1 9 7 8  1 9 8 0  1 9 8 2  1 9 8 4  1 9 8 6  1 9 8 8  

The rma l 9 1  8 3  10 6 11 5 15 0 1 3 9  1 5 1  20 1 15 2 
* 

Miscible 3 4  5 0  8 4  1 0 4  9 0  

Chemic a l  1 9  1 8  2 8  4 6  4 2  8 5  1 3 8  2 0 6  1 2 4 

Total 2 2 6  2 7 4  3 7 3  5 1 2  3 6 6  

* 
Inc ludes  pro j ec t s  that achieve enh anced re covery due t o  

swe l l ing or vi scosit y reduction i n  addition t o  mis cib l e  fluid 
displac eme nt . Doe s not inc lude pre s sure maint enance by gas  
in j ection . 

Sourc e : Oil & Gas Journal , April 18 , 1 9 8 8, p . 4 7 . 

TABLE 4 

U . S .  EOR PRODUCT I ON 
( B arre l s  Per D ay )  

EOR 
Proc e s s  1 9 8 0  1 9 82 1 9 8 4  1 9 8 6  1 9 8 8  

Therma l 2 5 5 , 610 2 9 8 , 6 2 4  3 6 4,5 6 0  4 7 9 , 6 6 9  4 6 4 , 9 0 5  
* 

Miscible  7 4 , 8 0 7  7 1 , 9 1 5  8 3 , 011 1 0 8 , 2 1 6  15 0 , 0 4 7  

Chemical  2 , 4 0 4  4 , 4 0 9  1 3 , 3 9 8  1 6 , 9 0 1  2 2 , 5 0 1  

Tot a l  3 3 2 , 8 2 1  3 7 4 , 9 4 8  4 6 0,9 6 9  6 0 4 , 7 8 6  6 3 7 , 4 5 3  

* 
Inc ludes  pro j ect s that achieve enhanced recovery due t o  

swe l ling o r  vi scosit y reduction in addit ion t o  m i s cibl e  f luid 
di splacement . Doe s not inc lude pre s sure maint enance by ga s 
inj ection . 

Source : O i l  & Gas Journal , Apr i l  1 8 , 1 9 8 8 , p .  4 6 . 
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The development and field testing o f  mi s c ib l e  recovery proc
e s s e s  has c onti nued s i nc e  the early 1 9 5 0 s . E arly focus o f  th i s  
work was on hydrocarbon s o lvents . The use  o f  c arbon d i oxide for 
enhanced oi l recovery began in the ear ly 1 9 7 0 s . S ince thi s  time , 
the o il producti on from m i s c ible gas pro j ects h a s  i nc re a s ed c on
ti nuously , as shown in Tab l e  4 .  Current ly there are 9 0  mi s c ible 
pro j ects being c onducted in the United State s ,  accounting for 2 3  
percent o f  the total current EOR production . More than h al f  o f  
t he s e  pro j ects are be i ng conduct ed on a f i eld-wide b as i s . How
ever , there are s everal small f i e ld p i l ots being conducted and, 
as i nd i c ated in Chapter Two , a s igni f i c ant amount o f  r e s earch i s  
continuing on mi s c ible proce s s e s . 

Chemic al flood ing involve s the inj ection of water w ith added 
chemicals into a petro leum reservoi r .  The ma j or chemic al f l ood
ing proces se s  i nclud e sur fact ant3 and polymer flood i ng . 4 A lka 
line flooding 5 i s  als o  a chemic a l  flood ing proce s s , although i t  
i s  not a s  widely cons idered as  the other chem i c al proc e s s es . 

Re search on surfactant-ba s ed recovery method s was initi ated 
by s everal compan i e s  ove r 3 0  year s ago . Polyme r f l ood i ng re
se arch began s omewhat later . Thi s continuous r e s earch e f fo rt h a s  
re su lted in an incre a s i ng number o f  f i eld pro j e ct s  with i n  the 
United State s , as shown in T able 3 .  Although there are 1 2 4  on
going chemic a l  EOR pro j ec t s  in the United State s ,  the s e  projects 
account for only 4 percent of the current EOR producti on , mainly 
because the incremental oil production from polymer pro j ec t s  i s  
typically low . I n  add i t ion , mo st o f  the ongo ing sur f actant 
flood ing pro j ec t s  are small f i e ld pilots , wh ich is  i nd i c ative o f  
the s t age o f  app l i c a t i on for th i s  EOR proce s s . 

RESERVO I R  DESCRIPTION TECHNOLOGY 

I n  order to max imi z e  the economic al recovery o f  o il from a 
fie ld , or res ervo i r , it i s  nece s s ary to accurately d e s c r ibe the 
res ervo i r . That i s  to de fine the areal and verti c a l  extent , the 
pre s ence o f  flow barr i er s , the cont inuity o f  i ndividual r e s ervo i r  
formations , the amount o f  o i l  in place , and the fluid flow prop
ertie s  o f  the res ervo i r . Re s ervo i r  descr iption technology that 
has been deve loped by i ndustry and others i nclude s 3 - D  s e i smic 

3 surfact ant s are chemic a l s  that reduce the i nte r f ac i al 
ten s ion between the i n j ected water and the r e s ervo i r  o il to 
permit add itiona l o i l  recovery . 

4 Polymer s  are l arge molecules that are added i n  i n j ecti on 
wat er to i nc rea s e  v i s c o s ity and o i l  d i splac ement . 

5
Alk a l ine mater i als react with components o f  c erta i n  crude 

oils to creat e sur f actants in s i tu and reduce i nte r f ac i al 
tens ion . 
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surveys , int er-we l lbore me asurement s ,  ind ividua l we l l  s urveys - 
both s e i smic and logs , geological  mapping t e chnique s , c oncept s of  
re servo i r  depos i t ion and d i agene s i s , we l l  t e s t ing ,  and core 
ana ly s i s . I ndustry and others have ma int a i ned very ac t ive re
search programs i n  thi s area . S evera l of the t echn i c a l  areas are 
reasonably mature , but emerging technolog i e s  are a l s o  impor t ant . 
Many geologi c , geophy s ical , and engineering d i sc ip l ine s  are in
volved i n  reservo i r  de s c r ipt i on ;  experience has  shown t hat int e r
d i s c ip l inary s t ud i e s  are mo s t  e f fect ive in deve lop ing the be s t  
pos s ib l e  descr ipt i on o f  a res ervoir . 

There i s  no prac t i c a l  method o f  dete rmining how much the 
improvement s i n  res ervo i r  d e s c r ipt ion t e chno logy have i ncre a s ed 
U . S . oi l produc t ion . I t  i s  c l ear , however ,  that the t echno logy 
avai lab le t oday to de fine re servo ir character i s t i c s  i s  far 
superior to what was ava i l able 20 years ago . Many of the U . S .  
o i l  fie ld s  were deve loped without use o f  the l a t e s t  r e s ervoi r  
des c r ipt ion t echno logy . Due t o  inaccurac i e s  i n  de f i ning the 
res ervo i r s  and i n  locat ing deve lopment we l l s , dep l e t i on o f  these 
res ervoir s may result  i n  areas  or z one s where oil  is  not  e ffec 
t ively d i splaced t o  produc ing we l l s , leaving unswept , mobi le o i l . 
I t  i s  ant i c ipated that appl icat ion of  s t ate-of- t he - ar t  res ervo i r  
de script ion t echnology , par t i cularly i n  s tud i e s  t hat e f fec t ive ly 
int egrate geo s c i ence and engi neering , wi l l  i nc r e a s e  recovery from 
many ex i s t i ng f i e ld s . Further res earch i n  res e rvo i r  charac t e r i 
z at ion could increase  t h e  pot ent i a l  for add i t ional recovery o f  
unswept , mobi le o i l . 
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CHAPTER TWO 

PRIVATE - SECTOR R&D - - NPC RESEARCH S URVEY 

INTRODUCTION 

The prev ious chapter noted some o f  the R&D  expend i t ure s o f  
government and ac ademia . Th i s  chapt er d e s c r ibe s the ext ent o f  
u.s. pe t roleum indu s t ry res earch a s  found in  a s urvey o f  pet ro
leum re search and deve l opment ac t ivi t i es . 

The NPC O i l  and Gas Re search and Deve l opment Survey wa s 
des igned to provide informat ion on the fo l l owing que s t i ons : 

• What i s  the l eve l o f  indu s t ry s pend ing on o i l  and gas 
re search and deve l opment , and how has  thi s var i ed wi th 
t ime ? 

• What i s  t he leve l o f  manpower c ommit t ed t o  t h i s  e f fort ? 

• How i s  the e f fort subd ivided among s t  the ma j or re s e arch 
areas of enhanced o i l  recovery , re s e rvoi r charac ter
i z at ion , other produc t i on rese arch , and explorat i on 
research ? 

• What i s  the import ance o f  t he s e  area s o f  r e s earch , in 
the view of compan i e s  respond ing to the survey ? 

• What i s  the current i ndu s t ry a s s e s sment o f  the im
port anc e o f  the spec i f ic re search t opi c s  ident i f ied in  
e ar l ier report s by t he Energy Re s e arch Advi sory Board , 
the Nat ional Re s earch Counc i l , and the NPC , in  the view 
o f  t hose  compan i e s  act ive ly pur suing r e s e arch i n  those 
are a s ? 

• Are t here areas o f  re search that , i n  the v i ew o f  the 
re spondent s ,  are not adequately addre s sed by current 
i ndus t ry , government , and / or ac ademic r e s earch pro
grams ? 

Rec ogni z ing that the NPC membership c ont a i n s  a l arge and 
var i ed group o f  c omp an i e s  involved in  o i l  recovery r e s e arch , i t  
was conc luded that t he i r  re sponses  wou ld b e  repre s ent a t ive o f  the 
indus t ry a s  a whole . Accord ing ly , all i ndu s t ry members o f  the 
Counc i l  were invi t ed t o  par t i c ipate in the s urvey . 

After the survey resul t s  were aggrega t ed and rev iewed , an 
addendum to t he s urvey was s ent to the i ndu s t ry members  of t he 
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Counc i l . The addendum sought t o  quant i fy the i ndu s t ry ' s  i n t e re s t  
i n  pos s ib l e  new c ooperat ive research act iv i t i e s  that might b e  
leveraged with federal fund s . Opinions were a l s o  s ought o n  the 
s t ructure o f  an organ i z at ion to coord ina t e  such ac t iv i t i e s . 

The pub l i c  account ing firm o f  Arthur Ander s en & Co . wa s re
t a i ned to receive and aggregate the comp l e t ed s urveys under the 
agre ement that no ident i fi able ind ividual respondent dat a be 
revea l ed . A t o t a l  of  6 3  companies par t i c ipated in the s urvey , 
with 3 8  compani e s  provid ing dat a on the i r  re s earch programs . 
The s e  3 8  compani e s  account ed for 3 . 1  bi l l ion barre l s , or about 
hal f , of U . S .  o i l - equivalent o i l  and gas product ion in 1 9 8 6 , and 
are be l ieved to conduct about three-quarters  o f  the U . S .  pr i vat e 
s ec t or R&D i n  o i l  recovery . 

Appendi x  C c ont a i n s  a c opy o f  the b lank survey forms and 
Append ix D cont a i n s  aggregat ions a s  prov ided by Arthur And er s en & 
Co . Append ix D a l s o  l i s t s  the companie s  that part i c ipated i n  the 
survey . 

OVERALL S PEND ING AND MANPOWER COMMI TMENT 

The c ompo s i t e  resul t s  of the survey show e s t ima t e d  1 9 8 8  
spendi ng on o i l  and gas re s earch and development by the 3 8  re
spondent s to be  $ 8 1 1  mi l l i on , i nvolving approximat e ly 6 , 5 0 0  man
years of e f for t . I t  i s  import ant to rea l i z e  that the re s po nd ing 
compani e s  make up only a port ion of the t o t a l  ups t re am r e s earch 
and deve lopment e f fort i n  the United S t at e s . S ub s t ant i a l  add i 
t iona l ups t ream r e s e arch i s  be ing per formed b y  oi l and s ervic e  
compani e s  not inc luded in the s urvey , a s  we l l  a s  chemi c a l , s o f t 
ware , and geophy s i c a l  compani e s . Tot al  U . S . private - s ec t or 
ac t ivity l evel s ,  there fore , are s igni f icant ly higher t han t he 
leve l s  repor t ed i n  thi s s urvey . Con s iderab l e  pr ivat e- s e c t or 
research i s  a l so conduct ed internat iona l ly , and much o f  thi s work 
become s ava i l ab l e  for u s e  in dome s t i c  operat ions . 

F igure 1 plot s re search s pend ing in 1 9 8 8  d o l l ar s  ( bar s ) and 
the t ot a l  manpower ( l ine ) repres ent ed by the 3 8  c ompani e s  that 
provided res earch act ivity dat a . F igure 2 c ompare s t he s e  re
s pondent ' s  r e s earch expend i tures with oi l pr i c e s . The h i s t or i c a l  
t rend s show a c lo s e  re l at i onship between t o t a l  s pending l eve l s  
and manpower commi tment s .  Spend i ng t r ends a l s o  show gener a l  in
c rea s e s  and decrease s that broadly fo l l ow o i l pr i c e  movement s , as  
might have been ant i c ipa t ed , but do not re f l e c t  the s ever i t y  o f  
the drop i n  pr i c e s  s ince 1 9 8 1 . Tab l e  5 shows percent age change s 
in R&D s pend ing and manpower for the respondent s ,  c ompared t o  oi l 
pri c e  changes over the s ame t ime periods .  The f i r st year for 
whi ch the survey provided dat a was 1 9 7 5 , and 1985 was the l a s t  
year be fore t he major o i l  price decrease o f  1 9 8 6 . 

From 1 9 7 5  t o  1 9 8 5 , re spondent's s pend i ng on o i l  and gas 
re search more than d oub l ed in real t erms . Dur i ng t h i s per i od , 
c rude o i l  pr ice s grew by 5 9  percent i n  rea l t erms . S i nce 19 85 , 
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Item 

O i l  

R&D 

TABLE 5 

COMPARI SON OF SURVEY RESPONDENTS ' R&D  ACTIVITY 
WITH OIL PRICE - 1 9 7 5 - 1 9 8 8  

% Change % Change % Change 
1 9 7 5 - 1 9 8 5  1 9 8 5 - 1 9 8 8  1 9 7 5 - 1 9 8 8  

* 
P r i c e  + 5 9 - 3 9  - 2  

* 
Spend ing + 1 2 2  - 2 1  + 7 7  

Manpower + 1 1 9  - 1 7  + 8 2  

* 
O i l  pri c e s  and R&D s pend ing were c onverted to 1 9 8 8  

dol l ar s . For the purpo s e s  o f  th i s  study , i t  wa s arb itr a r i ly 
a s s umed that the 1 9 8 8  i n f l ation rate would be the s ame as i n  
1 9 8 7  and that 1 9 8 8  r e a l  o i l  pr i c e s  would a l s o  be the s ame a s  
in 1 9 8 7 . 

o i l pr ice s have fal l en 3 9  percent but re s e arch expend i tures  are 
off only 2 1  percent . Over the entire 1 9 7 5 - 1 9 8 8  time period , the 
res earch expend iture s  o f  the respondents are 7 7  pe rcent above 
1 9 7 5  in real  terms , whi l e  real c rude o i l  pr i c e s  f e l l  2 percent 
over thi s per i od . 

The tota l R&D  manpower o f  the s e  respondents a l s o  more than 
doubl ed between 1 9 7 5  and 1 9 8 5 . The cutbac k s  and r e s t ruc turings 
that fo l l owed 1 9 8 5  are r e f l ec t ed i n  the 1 7  perc ent reduc t ion in 
R&D manpower from 1 9 8 5  to 1 9 8 8 . However , there has been an over
a l l  i ncrea s e  o f  82  pe rcent s ince 1 9 7 5 , whi le the r e a l  te rm crude 
o i l  price is  2 percent l ower than i n  1 9 7 5 . 

I n  an e f for t t o  see  beyond 1 9 8 8 , respondents were a sked i f  
they wou ld expect the i r  research e ffort t o  i ncrea s e , decrea s e , or 
rema i n  the s ame over the next five year s , a s s uming that the o i l  
pri ce s i tuation rema i ns s imi lar to that preva i l ing i n  1 9 8 7 . Over 
7 0  percent o f  r e spondent s expected research expend i ture s t o  re
ma in the s ame . Compani e s  were also asked when the y  f i r st began 
the i r  exploration and produc t ion research act ivi t i e s . O f  the 2 3  
compan i e s  who r e sponded to th i s  que stion , 1 4  h ave been conduc t ing 
rese arch for over 3 0  years and 7 have been act ive for over 5 0  
years . 

B a s ed on the s ample o f  t he i ndustry repr e s ented i n  the sur 
vey , i t  c an be conc luded that there i s  a l arge and we l l - sustai ned 
indu s t ry r e search e ffort that i s  mor e  than h a l f  a ga i n  as l arge a s  
i t  wa s i n  1 9 7 5 . I nd i cat ions are that t h i s  e f fort wi l l  cont inue 
at the current l eve l s  i nt o  the future . 
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TRENDS IN R&D EMPHAS I S  

I n  Part I I  o f  the survey , re spondent s were a s k ed t o  d ivide 
the i r  R&D ac t iv i t i e s  i nt o  s ix spec i fi c  cat egor i e s : three EOR 
proce s s e s  - - Chemi ca l , M i s c ible  Gas , and The rmal - - as well as 
Re servo i r  Charac t er i z at i on ,  O ther Produc t i on R&D , and Explora
t i on . Appendix C cont a i n s  definit ions of the  c a t egor i e s and 
Append ix D cont ains  the aggrega t ed year-t o-year t o t a l s  and 1 9 8 8  
det a i l s  o f  the ful l  group o f  3 8  compan i e s . Not a l l  c ompani e s  
provided det ai led breakdowns by cat egory , however .  T able 6 below 
compares only t he re spon s e s  o f  t hose who provided c omplet e  d at a . 

Year - t o-year change s in expend i ture leve l s  c an be s igni f i 
cant ly d i s torted b y  t he i ni t i a t ion or c omp l e t i on o f  major f i eld 

TABLE 6 
* 

CHANGES IN R&D MANPOWER COMM ITMENT - 1 9 7 5 - 1 9 8 8  

% Change % Change % Change 
Area of Re search 1 9 7 5 - 1 9 8 5  1 9 8 5 - 1 9 8 8  1 9 7 5 - 1 9 8 8  

EOR - Chemi c al + 6 5 - 4 9  - 1 6  

EOR - Mi sc ible Gas + 2 5 6  + 6  +2 7 6  

EOR - Thermal + 1 6 9  - 3 2  + 8 3  

Re s ervo i r  Charact er i z at ion + 2 2 6  - 2 0  + 1 5 9  

O ther Produc t ion R&D  + 8 7  - 8  + 7 1  

Explorat ion + 9 2  - 2 4  + 4 6  

TOTAL R&D + 1 0 5  - 1 7  + 7 0  

MEMO : Tot a l  
Man-Years 
I ncluded Above 2 , 9 4 5  6 , 0 3 1  5,0 1 4  

Tot a l  Man-Y ear s 
o f  All Re s pondent s 3 , 5 7 1  7,8 1 8  6 , 4 8 9  

Percent age Change 
of A l l  Res pondent s + 1 1 9  - 1 7  + 8 2 

* 
B a s ed on only tho s e  respondent s for whi ch comparable 

ye ar-t o-ye ar dat a were provided . 
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t e s t s ; manpower a l locat ions t end t o  more accurate l y  re flect the 
t rends i n  emphas i s  given the various areas . Trend s  i n  manpower 
commitments a re shown by major research area in Table 6 for tho s e  
respondents who provided c omparable year-to-year d at a . 

Over the t hree time frame s , in  three c atego r i e s  - - EOR -
Therma l , Other Product i on R&D , and Explorat i on - - changes i n  
manpower are s imi l ar to t he change s for total manpowe r . The 
other area s show s igni f i c ant di f ferenc e s : 

• The r e s earch e f fort in chemical  flood i ng h a s  actually 
decreased 1 6  percent s i nce 1 9 7 5 , whereas a l l  other 
areas show increas e s . Chemic a l  flooding a l s o  shows the 
large s t  average perc entage dec rease  s i nc e  1 9 8 5 . Th i s  
i nd i c a t e s  that there has been a sh i ft i n  emphas i s  away 
from chemi c a l  EOR . The trend may be continu ing s ince 
t he s e  respondent s i ndicated a 7 per cent dec r ea s e  from 
1 9 8 7  t o  1 9 8 8 . The overall t rend o f  the r e spondent ' s  
chemical  re s earch e ffort has  been s igni f i c antly a f
fected by the c omplet ion o f  major long- t e rm projec t s  
a s  we l l  a s  by the o i l  pr ice dec l i ne . 

• Manpower c ommitment to mi s c i ble flood ing r e s earch i s  
over 3 . 5  time s the 1 9 7 5 leve l , and actu a l l y  incre a s ed 
6 percent from 1 9 8 5  t o  1 9 8 8  when a l l  other are a s  show 
a decrea s e . 

• The manpower commitment to res ervoi r  characte r i z ation 
re s e arch more than tr ipled from 1 9 7 5  to 1 9 8 5 . D e s p ite 
a dec l ine s i nce 1 9 8 5  in line wi t h  o t he r  area s , i ndu s t ry 
emphas i s  i n  thi s area remains h i gh relative to h i stor
i c a l  l eve l s . Thi s  area of re s earch helps identi fy un
swept , mobi l e o il and aids i n  the prope r d e s i gn o f 
recovery proce s s e s . 

RELATIVE IMPORTANCE OF MAJOR RESEARCH AREAS 

I n  Part s I I I  and IV o f  the survey , res pondent s  were a sked to 
indi cate the import ance t o  the i r  c ompany o f  various activiti e s  i n  
s ix major area s  o f  re s earch . Three a r e a s  re l a t e  t o  explor at i on 
and res ervo i r  character i z a t i on , whi l e  the other three r e l ate to 
enhanced o i l  recovery . Companie s  were asked t o  i nd i c ate whether 
they reg arded the technology area a s  "Very Important " ,  " Somewha t  
U s e ful , " or a s  h aving " No S igni f i cant Imp act " on the i r  opera
t ions . ( See P arts I I I  and IV o f  Append i c e s  C and D for the sur
vey que s t ions and r e s pons e s , respe cti vely . )  

The re s pon s e s  to the s e  que s t i ons are summar i z ed i n  T able 7 .  
Results are expre s s ed i n  terms o f  the percentage o f  c ompan i e s  
vot ing a cert a i n  way , as  we l l  a s  in t e rms o f  the percent age o f  
dome s t i c  o i l  product i on and t he percentage o f  R&D dollar s o f  the 
compan i e s  included i n  the survey . Not e  that the perc ent age o f  
production i s  b a s ed o n  the t o t al production report ed by t he 
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TABLE 7 
* 

IMPORTANCE OF TECHNOLOGY AREAS TO RESPONDENTS 
( Percent a ge s ) 

Com12an i e s  P roduct ion R & D  Do l l ar s  
Area H M L H M L H M L 

Geo logy 7 1  1 6  1 3  8 3  1 7  0 8 5  1 0  5 

Geochemi s try 3 9  3 2  2 9  7 5  2 3  2 9 1  4 5 

Geophy s i c s  7 3  1 0  1 6  9 3  7 0 8 7  1 1 1  

Therma l Recovery 3 5  1 0  5 6  7 1  3 2 5  5 7  3 0  1 3  

M i s c ib l e  F looding 5 0  2 9  2 1  8 8  1 1  1 8 6  9 5 

Chemic a l  F l ood ing 1 6  5 5  2 9  1 6  7 4  1 1  6 7 7  1 6  

*H = Very Import ant ; M = S omewhat U s e ful ; L = No S igni f i 
cant Impact . Percent age s may not add t o  1 0 0  due t o  round ing . 

survey re spondent s rather than a percent age o f  t o t a l  dome s t i c  
produc t i on ,  and that t he percent age o f  R & D  spend ing i s  b a s ed on 
total spend ing by all respond ent s and not on the amount s pe nt by 
the respondent s on t hat par t i cular research area . 

The fol lowing ob servat ions can be made from t he r e s u l t s 
shown i n  Tab l e  7 :  

• A l l  areas except chemical f l ood ing are rated very im
port ant by the respondent comp anie s that spend the 
major i t y  of the re s earch d o l l a r s  and that h ave mo s t  of 
the produc t i on . I n  other word s , the c ompani e s  s upport 
ing research t hink that a l l  are a s  except chem i c a l  
flood ing are very import ant . 

• Geo logy and geophys i c s  are a l s o  rated a s  very import ant 
by a ma j or i ty of the c ompan i e s . The s e  rat i ng s  do not 
change s igni f i c ant ly when reported a s  e i t he r  a per
cent age of product i on or R&D do l l ars . 

• Geochemi s t ry , mi s c ible f lood ing , and therma l recovery 
are not rated by a ma j or i t y  o f  the c omp an i e s  a s  very 
import ant , but t he s e  area s are viewed as very import ant 
by t ho s e  compan i e s  repres ent i ng a majo r i t y  of t he 
produc t i on and R&D dol l ar s . 
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• F ew c omp an i e s  view chemi c a l  f lood ing a s  b e i ng " Very 
Import ant . "  Thi s  a s s e s sment is a l s o  re f l ec t ed on t he 
bas i s  o f  produc t ion and res e arch expen s e s . Chem i c al 
f looding i s  rated as  " Somewhat U s e ful " a c c ordi ng t o  a l l  
three c r i t er i a , i ndi cat ing a fai rly uni form opi n i on 
among s urvey respondent s .  

DETAI LED RESEARCH TOP I CS 

S ever a l  report s have been i s s ued in  recent years  t hat ad
dre s s  i s sue s r e l evant t o  o i l  and gas  explorat i on r e s e arch . Three 
report s were u s ed in  prepar ing the survey . !  E ach o f  t he s e  iden
t i f ied a s e r i e s  of d e t a i l ed research t opi c s  as of pot ent i a l ly 
high import ance t o  improv ing future o i l  suppl i e s . The s e  topi c s  
were u s ed i n  deve l op i ng the detai led t ab l e s  for each o f  t h e  s i x  
genera l re search are a s  addre s s ed in  the s urvey : geology , geo
chemi s t ry , geophys i c s , therma l recovery , mi sc i b l e  flood i ng , and 
chemical f l ood i ng . ( See Append ix c ,  Parts I I I  and IV . ) F or 
ins t anc e , und er the head ing o f  geology , a l i s t  o f  1 1  s pec i f i c  
t op i c s  w a s  ident i fied . 

Only survey respondent s who were ac t i ve i n  t he gene r a l  re
search area were asked t o  ind i c a t e  the pr i or i t y  that they pl ac ed 
on e ach det a i led t op i c  and to i nd i c a t e  whe ther t hey were act ive l y  
invo lved in  re s e arch in e ach topic area . P r i or i t y  wa s b a s e d  o n  
" the need for add i t ional research t o  deve l op adequat e t echno logy " 
and / or " t he import ance o f  the techno logy t o  economic app l i c a t ion " 
o f  the EOR proce s s . I n  Append ix D ,  re spon s e s  t o  t he s e  det a i led 
que s t ions are t abul a t ed accord i ng to  the percent age of res pond
ent s answering the que s t i on in each of the s ix c omb i na t ions o f  
Prior i t y  ( Hi gh / Med ium/ Low) and Ac t iv i t y  ( Y e s / No )  • 

For purpos e s  o f  summari z at ion , each topic was a s s i gned an 
overa l l  prior i t y  r ank ing as fo l l ows : 

• H i gh pr iority i f  5 0  percent or more o f  the re s pondent s 
ident i f i ed i t  as  h i gh pr iori t y  

• Low prior i t y  i f  5 0  percent or more o f  the r e spondent s 
ident i f ied i t  a s  low pr iority 

• Med ium pr iority i f  ne i ther o f  the above c r i t e r i a  were 
s at i s f i ed . 

1 Geo s c i ence Res e arch for Energy S ecur ity (Washing t on , D . C . : 
Energy Re s ea rch Advi sory Board , F ebruary 1 9 8 7 ) ; Future D i re c t i on s  
in Advanced E xplorat ory Res e arch Re lated t o  O i l , Gas , Shale , & 
T ar S and Re s ourc e s  ( Washingt on , D . C . : Nat ional Re s e arch Counc i l , 
1 9 8 7 ) ; Enhanced O i l  Recovery (Washington , D . C . : Nat ional P e t ro 
l eum Counc i l , June 1 9 8 4 ) . 
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U s ing the above d e f i n i t ions , Table 8 shows t he number o f  de
tai led topi c s  that were rated high , med ium , and low pr ior i t y  by 
those compan i e s  ac t ive in t he general re search area . 

TABLE 8 

OVERALL PRIORI TY RANK ING OF DETAILED RESEARCH TOP ICS 

Number of Re s e arch To:ei c s  
Act ive Act ive 
By 4 +  B y  1 0 +  

Re search Are a H igh Med . Low Tot a l  Co . 1 s Co . 1 s 

Geo logy 5 6 0 1 1  1 1  1 0  

Geochemi s t ry 3 2 0 5 5 5 

Geophy s i c s  9 8 1 1 8  1 8  1 5  

Subtot al 1 7  1 6  1 3 4  3 4  3 0  

Thermal EOR 0 6 4 1 0  8 0 

Mi s c ible EOR 4 3 3 1 0  9 5 

Chemic a l  EOR 4 1 1  9 2 4  2 0  3 

Subtotal 8 2 0  1 6  4 4  3 7 8 
- - - -

TOTAL 2 5  3 6  1 7  7 8  7 1  3 8  

Under geologic re s e arch , for example , 5 o f  the 1 1  r e s e arch 
t opi c s  rece ived an over a l l  prior i t y  ranking of h i gh , 6 med ium , 
and none low .  A l l  1 1  o f  the s e  t op i c s  are being pur sued by at 
lea s t  4 o f  the c ompani e s , and 10  of  the t op i c s  are be i ng re
se arched by at least 10  companies . 

With re spec t t o  geo logy , geochemi s t ry , and geophy s i c s , t he 
respondent s wer e a s ked t o  comment on 3 4  spec i f i c  are as  o f  re
s earch . As  s hown i n  T ab le 8 ,  a l l  but one o f  t he s e  were cons id
ered t o  have med ium to h i gh pr ior i ty . O f  t he s e  3 4  t op i c s , a l l  
but 4 are be ing pur sued by a t  leas t 1 0  compan i e s . F rom t h i s 
informa t i on , i t  appears that the respondent s agree w i t h  the im
port ance o f  t he geo s c ience res earch t op i c s  previou s ly ident i 
fied and that they have ongoing , act ive r e s e arch programs i n  the 
ma j or i t y  o f  the areas . Only one of the s e  r e s earch topic s i s  
cons idered t o  b e  l ow pr i or ity . 
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Look ing at t herma l recovery , 1 0  previou s l y  ident i f i e d  re
search t opi c s  were s e l ec t ed for a s s e s sment . None of the s e  wer e  
a s s e s s ed t o  have a h i g h  pr iori ty ; 6 were med i um and 4 were l ow 
pr ior i t y . E i gh t  topi c s  are being act ively pur sued by at l e a s t 4 
compan i e s  but none by a s  many a s  1 0  compan i e s . Two o f  the topi c s  
- - downhole s t e am generat ion and fluid i z ed bed c ombu s t ion - - were 
cons idered low pri o r i t y  t op i c s  and no ac t ive r e s e a rch progr ams 
were repo r t ed . It  shou ld be po inted out , howev e r , that r e s e arch 
in t he s e  area s i s  be i ng conduc t ed at non-pe t r o l eum- i ndu s t ry l ab
orat or i e s . Alt hough the therma l recovery re s e ar ch t op i c s  l i s t ed 
were not j udged t o  be o f  overa l l  high pr ior i t y  by the re spondent s ,  
there are act ive r e s e arch programs in mos t  areas o f  t h i s t ech
no logy . Thi s re f l ec t s ,  in  part , the fact that t herma l EOR is the 
mos t  mature EOR proce s s  and much re s e arch has been suc c e s s fu l ly 
completed and app l ied in the f i e ld . 

O f  1 0  mi sc i b l e  recovery topic s ,  7 are cons i de red t o  have 
medium t o  high pr i o r i t y . N ine o f  the s e  t opi c s  are b e i ng act i ve ly 
pursued in 4 or more compan i e s , with 5 topi c s  act ive in 1 0  or 
more compan i e s . 

Top i c s  r e l a t ed to  chemi c a l  proce s s e s  are gene r a l l y  a s s i gned 
a l ower pr i or i ty , with only 1 5  of t he 2 4  ident i f i ed t opi c s  re
ceiving a med ium or h igh pr ior ity . The l evel of intere s t  and 
e f fort appe ars to be c l o s ely related to th i s  a s s e s sme nt . The 
lower prior i t y  probably re f l ec t s  the long hi s t ory o f  r e s earch 
with l imi t ed commerc i a l  succ e s s , and the r e a l i z at i on that h i gh 
economic r i sk and d i f f i cult t echn i c a l  prob l ems are a s s oc i a ted 
with t h i s r e s e arch area . Even so , there are only 4 t opi c s  that 
do not have an act ive r e s earch program by at l e a s t  4 compan i e s . 
Only 3 topi c s  are ac t ive in 1 0  or more compan i e s . 

The l i s t  o f  EOR top i c s  were ident i f ied a s  import ant r e s e arch 
areas in the 1 9 8 4  NPC report , in whi c h  many o f  the r e s pondent 
compan i e s  part i c ipat ed . Re spon s e s  i n  t h i s  survey i nd i c at ed only 
8 o f  the 44 topi c s  are current ly h i gh pr ior i t y . Wh i le a number 
of factors have i n f luenced thi s change , two are promi nent : ( 1 )  
the downt urn i n  o i l pr i c e s  that occurred a f t e r  the 1 9 8 4  EOR 
report wa s wr i t ten , and ( 2 )  res earch pro j ect s that were comp l e t ed 
between 1 9 8 4  and 1 9 8 8 . I t  i s  t o  be expected that four yea r s  o f  
re search progre s s , i nc lud ing both succe s s fu l  and unsucc e s s fu l  
pro j ec t s , would a l t e r  the priority o f  future r e s earch i n  a n  area . 

RE SPONDENTS ' CONCEPT OF RESEARCH TOP ICS NOT CURRENTLY COVERED 

Res pondent s were a sked an open- ended que s t ion : "What R&D 
re l a t ed ac t iv i t i e s  do you cons ider import ant to fut ure o i l  and 
gas recovery t e chno logy that you do no t be l i eve are be ing c overed 
by current indu s t ry , government , and / or acad emic e ffor t s ? " Re 
spondent s were a l s o  reminded o f  thi s que s t i on a f t e r  rat ing each 
of the d e t a i led r e s e arch topic s .  The re spons e s  are given ver-
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bat im in Append ix D .  O f  the 3 8  compan i e s  in the s urvey , only 2 2  
comment ed on th i s  que s t i on . O f  the s e  2 2 , two i nd i c at ed no add i 
t i onal e f fort wa s needed , three ind i c at ed n o  ma j or de f i c ienc i e s , 
but sugge s t ed areas o f  s pec i a l  import ance , and the remainder 
submi t t ed a var iety o f  sugge st ions . No s i ng le topic was men
t ioned more t h an five t ime s , and only a few were ment i one d more 
than twice . 

The mo s t  frequent ly men t i oned t op i c  was foams for gas mob i l 
ity cont rol . However , t h e  re sponse s t o  que s t ions o n  s pec i f i c  
research top i c s  i nd i c a t e  that 7 6  pe rcent o f  compani e s  work ing on 
mi s c ible fl ood ing are work ing on mob i l i t y  cont rol . I t  may be 
that respondent s l i s t ing t h i s  a s  an area not current ly b e i ng 
covered are unaware o f  the s i gni f i c ant ac t iv i t y  now underway . 

A second area ment ioned s everal t ime s wa s hor i z ont a l  we l l s .  
Thi s  i s  current ly a t t ract ing widespread int er e s t  and i s  the sub
j ect of a cooperat ive re s e arch pro j ect that has a rec ord number 
of indu s t ry par t i c ipant s . 

An i t em that was ment i oned four t ime s wa s t he i nt e grat ion of 
geo logy , geophy s i c s , and eng i neering . Wh i le t h i s  is  not nec e s 
s ari ly a re s e arch topic , i t  doe s re f l ec t  indu s t ry ' s  growing 
recogni t i on of the import ance of int erd i s c ip l i nary approache s to 
o i l  recovery prob l ems . 

Finally , numerous s i ngle i t ems , s pann ing a wide varie t y  o f  
areas , were sugge s t ed by the respondent s .  The area o f  Re s ervo i r  
Charac t eri z at ion rece ived 1 4  sugge s t ion s , wh i ch i s  i nd i c a t ive o f  
i t s  import ance t o  o i l  recovery . 

SURVEY ADDENDUM 

The Counc i l  conc luded from the i n i t i a l  survey t hat the U . S .  
pet rol eum indus t ry wa s commi t t ing a l arge amount o f  r e s ourc e s  t o  
R & D  in i t s core bus i ne s s  l ine s o f  o i l  and gas d i s covery and 
recovery . Further , the C ounc i l  conc luded that a l l  o f  the re
s earch topi c s  i dent i f ied a s  high and med ium pr i or i t y  wer e  b e i ng 
act ively pu rs ued . 

The que s t ion then aro s e  a s  to whe t her there wer e  area s  that 
might be pursued more aggre s s ively in a cooper a t ive and / or 
lever aged env i ronment . To ge t a broader fee l for t he potent i a l  
i n  thi s area , t h e  Counc i l  pres ented i t s  membership w i t h  t h e  R & D  
Act ivity Survey Addendum . The add endum s ought t o  quant i fy the 
pot ent i a l  indu s t ry support for cooperat ive , l everaged R&D and t o  
ident i fy tho s e  s t ruc tural e l ement s t h a t  were thought t o  be mo s t  
import ant for t h e  succe s s  o f  such an e f fort . 

F i fty- s even re spon s e s  were received from compani e s  that span 
the cont inuum from l arge int egrat ed ma j or s  t o  sma l l  i ndependent s .  
I n  aggre ga t e , the re spon s e s  could be charac t er i z ed a s  m i xed , but 
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t h e r e  wa s s ome s i g n i f i c ant i n t e r e s t  expre s s ed i n  c oope r a t i v e  r e 
s e a r c h . T h e  f i r s t  que s t i o n  s e t  f o r t h  t h e  g e n er a l  premi s e  o f  t he 
addendum : 

A s s um i n g  t h a t  t h e r e  w i l l  be propo s ed pro j e c t s  o f  impo r t a n c e  
t o  y o u r  op e r a t i o n s  a n d  t h a t  your p ar t i c i p a t i on wou ld be 
v o l unt a r y , wou l d  you c on t r ibute mon e y  to s uc h  a c ooper a t ive 
r e s e a rch program if t h e  money were mat ched by DOE ? 

To t h i s  que s t io n , 3 2  r e s pondent s s a i d " y e s " and 25 s a i d  " no . " O f  
t h e  3 0  " ye s "  r e s pond e n t s who i nd i c a t e d  t he fund i ng l e v e l t he y  
wou ld c o n s i d e r , 1 9  w e r e  i n  t h e  " $1 0 , 0 0 0  t o  $ 1 0 0 , 0 0 0 "  r ange . T h e  
o t h e r s  were f a i r l y  e v e n l y  s p l i t  between '' l e s s  t h an $ 1 0 , 0 0 0 "  and 
" $1 0 0 , 0 0 0  to $ 5 0 0 , 0 0 0 , " as shown in F i gure 3 .  No r e s pondent i n 
d i c a t e d  a wi l l i ngne s s  t o  c ont r i but e  o v e r  $ 5 0 0 , 0 0 0  a nnua l l y . I n  
aggrega t e ,  t h e  s urvey found t h a t  t he p o t e n t i a l  f und i n g  for s uch 
pro j e c t s  m i gh t  i n i t i a l l y be i n  the r ange of $ 1 - 5  mi l l i on per y e a r . 
Wh i l e  t h i s  i s  not a s i gni f i c ant i nc reme nt a l  amount o f  fun d i ng 
wh en c omp ared t o  the ongo ing i ndu s t ry e f fo r t , i t  i s  e nough t o  
a l l ow the Counc i l  t o  c onc lude t h a t  t h e  c o n c e p t  h a s  p o t e nt i a l . 
Th i s  out l ook i s  s ha red by 8 0  percent o f  t h e  c o n t r ibut ing r e 
spond ent s .  
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Figure 3 .  Distribution of Possible Funding Levels by Respondents. 

I n  c o n s i d e r i ng t h e  s t ru c t u r e  for s uc h  a c oo pe r a t i v e  e f f o r t , 
a ma j o r i t y  o f  t h e  r e s pond e n t s s e l ec t e d  an i ndus t ry c omm i t t e e  w i t h  
v o l un t a ry par t i c i p a t i on and ma t ch i ng government fund s . C l o s e  
beh i nd , howeve r ,  were t ho s e  who fe l t  t h e organi z a t i on shou l d  b e  
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non- indu stry led . Only one respondent wa s i n  favor o f  a perma
nent ly s t a f fed nat ional petrol eum re search i ns t i tu t e . On the 
i s sue o f  the leader ship and cont ro l o f  the organi z at ion , t he 
res pondent s fo l l owed a s imi l ar t rend , with 6 9  perc ent i n  f avor o f  
industry and 3 1  percent in favor o f  univer s i t y . Wh i l e n o  re
spondent sugge s t ed that DOE lead or cont rol the ac t iv ity , there 
was agreement that DOE shou ld be invo lved . 

Fina l ly , the addendum a sked i f  res pondent s had " t he techn i 
cal s t a f f  ne ce s s ary to provide advice t o  a cooperat ive res earch 
ef fort and to apply the resul t s  to your operat ion s ? "  The re
sponse wa s 5 6  percent " ye s , "  38 percent " no . "  However , when 
look ing at only those res pondent s who wou ld cons ider con t r i but ing 
financ ially , 2 3  o f  3 2 , or 72 percent , said  " yes . "  

From the addendum , the Counc i l  conclude s that a f a i r  number 
of companies  wou ld be intere s t ed in and c apable o f  part i c i pat ing 
me aningfu l ly i n  a cooperat ive re s e arch program . The res pondent s 
indicate that the progr am shou ld be indu s t ry - led , vo lunt ary , in
clude the part ic ipat ion o f  i ndustry , academia , and government , 
and have government mat ching fund s avai l ab l e . F ina l ly , the focus 
of the pro j ect s shou ld be the broad geo s c i ences , not j u s t  l im i t ed 
to EOR .  
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CHAPTER THREE 

IMPACT OF RE SEARCH ON OIL RECOVERY 

Th i s  chapt er addre s s e s  the impac t on the nat i on ' s  energy 
supply o f  R&D t o  increase  the recovery o f  o i l . A c ompar i s on i s  
made o f  the expec t ed oi l product i on from the use  o f  EOR met hod s 
to the expe c t e d  increase  in the net import s o f  o i l . P o l i c y  
opt i ons i n  add i t i on t o  t h e  promot ion o f  a n  i nc re a s e  in  R&D are 
also not ed , wh ich , if adopted , wou ld a l s o  h ave a s igni f i c ant 
impac t  on the nat ion ' s  energy supp ly . 

IMPACT OF CURRENT EOR RESEARCH 

The cont r ibut ion that enhanced o i l  recovery i s  expe c t ed t o  
make t o  the future o i l  product i on rate wa s t h e  t op i c  o f  t h e  1 9 8 4  
NPC report ent i t l ed Enhanced O i l  Recovery . As reported in that 
study , the implement at i on o f  then-current ( 1 9 8 4 )  EOR t e chno logy 
in the Uni t ed S t a t e s  wou ld cont r ibut e an o i l  produc t i on rat e o f  
1 . 2  MMB / D  by t h e  year 2 0 0 0 . Th i s  pro j ect ion wa s premi s ed o n  a 
cons t ant o i l  price o f  $ 3 0  in 1 9 8 3  do l l ar s . W i t h  the  s ubsequent 
downturn in o i l  pr i c e s , thi s pro j ect i on i s  not l i kely to be 
real i z ed . 

I n  1 9 8 6 , Lewin and A s s oc i ate s ,  I nc . , evaluated the impac t o f  
the lower oi l p r i c e s  o n  t h e  f i nd i ng s  o f  t h e  1 9 8 4  NPC report . 
They evaluat ed EOR product i on for the two o i l  price  t rend s  shown 
in Table 9 .  EOR produc t i on in the Uni t ed S t a t e s  i n  the year 2 0 0 0  
wa s pro j ec t ed t o  be 0 . 4 9  MMB / D  for the l ower c rude o i l  price out
look . Thi s  l eve l is down from the reported current EOR produc 
t ion o f  0 . 6 4 MMB /D . l The dec l i ne in  the number o f  act ive EOR 
pro j ec t s  between 1 9 8 6  and 1 9 8 8  may ind ic a t e  that the rate of im
plement at ion o f  t he t e chno logy decreased . F or t he h i ghe r p r i ce 
t rend , EOR produc t ion i n  the year 2 0 0 0  wa s pro j ec t ed t o  be 1 . 1 1 
MMB / D , an e s t imate that i s  con s i s t ent with the e ar l i er NPC s tudy . 

Pro j ect ions o f  the impact o f  cont inued EOR r e s e arch e ffor t s  
on the o i l  produc ing rate were a l so included i n  t h e  1 9 8 4  NPC 
s tudy . For an o i l  price of $ 3 0  per barr e l  in  1 9 8 3  dol l ar s , t he 
advancement s i n  EOR technol ogy resul t ing from t he c ont inuing 
research were expec t ed t o  cont ribu t e  an add i t ional 0 . 8 MMB / D  in  
the year 2 0 0 0 . The e s t imat e o f  the contr ibut i on o f  imp roved 

1 oi l & Gas  Journa l , Apr i l  1 8 , 1 9 8 8 . 
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TABLE 9 

EFFECT OF  OIL PRICE ON O I L  PRODUCT ION RATE FROM EOR 

1 9 9 0 1 9 9 5  2 0 0 0  
* 

Upper P r i c e  Trend ( $ / bbl ) 2 2  2 8  3 6  

NPC S urvey ( MB / D )  6 0 5  7 1 0  8 4 8  

Lewin and As s o c i a t e s  
( MB / D ) § 6 6 0  8 8 0  1 , 1 1 0  

* 
Lower Price T rend ( $ /bb l )  1 4  1 7  2 1  

NPC Survey ( MB / D )  4 6 5  3 9 4  3 8 2  

Lewin and A s s oc i a t e s  
( MB / D ) § 4 7 0  4 6 0  4 9 0 

* 
Re f i ner acqui s i t i on cos t o f  c rude o i l  i n  1 9 8 6  do l l ar s  

per barre l . 

§B a s ed on the met hodology devel oped i n  the 1 9 8 4  NPC s tudy , 
Enhanced O i l  Recovery , wi th updated pro j ec t ions made by Lewin 
and As s oc i at e s ,  I nc . 

NOTE : Th i s  t ab l e  comp i led from 1 9 8 7  NPC s t udy , F ac t o r s  
Affect ing U . S . O i l  & G a s  Out look . 

t echnology h a s  not been updated t o  re f l e c t  the l ower oi l p r i c e s , 
but one would expe c t  a reduc t ion i n  the add i t iona l cont r ibut i on . 

IMPACT OF RES EARCH ON RE SERVO IR CHARACTERI ZATION 

A re search area c lo s e ly related t o  EOR i s  re s e rvo i r  charac
t er i z at i on . In rec ent years there has been cons iderab l e  intere s t  
from i ndu s t ry , government ,  and academi a i n  obt a i n i ng bet t e r  re s 
ervo ir descr ipt i ons t o  improve t he app l i c at ion o f  EOR met hod s . 
The s ame r e s ervo i r  charac t er i z at ion t echnique s are a l s o  be i ng 
used t o  add produc t ion and res erve s through s e l ec t ive dri l l i ng t o  
recover unswept , mob i l e  o i l , and t o  deve lop ext ens ions o f  exi s t 
ing f i e ld s . The i ndu s t ry ' s  intere s t  i n  res ervo i r  charac t er i z at ion 
is evident by the survey result s ,  wh ich show a s ub s t ant i a l  on
go i ng e f fort in R&D ( about 1 , 6 5 0  man-ye ars and about $ 2 1 0  mi l l ion 
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in expend i t ure s in  1 9 8 8 ) to  cont inue t o  improve the t e chnol ogy . 
In add i t ion t o  the s e  R&D e f for t s , there i s  cons iderab l e  act ivity 
in applying current res ervo i r  charac t er i z at ion techno l ogy . 

Alt hough there i s  much research ac t iv i t y  i n  re s ervo i r  
charac t eri z at i on , in format i on i s  not ava i l ab l e  t o  e s t ab l i sh t he 
impac t i t  wi l l  h ave on increas ing o i l  recovery . W i t h  the i ndus 
try e f fort i n  re s e arch and app l icat ions i n  thi s a r e a  and the l ack 
o f  ident i f icat ion o f  unaddre s s ed concerns , it appears t hat mo s t  
o f  the bene f i t  from t h i s  t e chno logy wi l l  b e  rea l i z ed b y  current 
e f fort s . 

IMPACT OF ADD ITIONAL RE SEARCH 

The indus t ry e f for t s , as not ed in t he s urvey r e s u l t s ,  are 
address ing the rec ogni z ed , needed improvement s in o i l  recovery 
report ed in previous s t udi e s  by the NPC , the Nat iona l Re s earch 
Counc i l , and the Energy Res earch Advi sory B oard . The s urvey 
a sked the part i c ipant s to ind i cate prior i t y  for t op i c s  in geo logy 
and geophys i c s  re l at ed to reservo i r  charac t er i z at ion and topi c s  
on EOR proce s s e s . Spec i f ic a l l y , the resu l t s  show t hat t he indus 
try i s  current ly work ing o n  a l l  topi c s  t h a t  we r e  perce ived t o  be 
o f  h igh or medium prior i t y . 

For an add i t ional research e f fort on o i l  recovery t o  result 
in a s ubst ant i a l  increase in oil produc t ion , i t  wi l l  need to 
addre s s  opportuni t i e s  for t echno logy advancement ( or r e s earch 
needs ) not be ing covered by current r e s e arch . Survey respondent s 
were asked t o  ident i fy such areas ; however , no s pe c i f ic r e s earch 
need s we re ident i f ied that appear to repre s ent a s ub s t ant i a l 
opportuni ty for new t echno logy . Although the po s s ib i l i t y  o f  a 
ma j or breakthrough in o i l  recovery re s e arch c annot be ruled out , 
the long , s u s t a i ned e f fort in research in t h i s  area c er t a i n ly 
decrea s e s  the l ikel ihood o f  i t  occurring . 

EXPECTED NET INCREASE IN OIL IMPORTS 

The ne t impor t s  o f  o i l  are expe c t ed t o  increa s e  a s  a re sult  
of the  combi ned e f fec t s  o f  the increa se i n  demand and decrease in 
the fore c a s t  o i l  s upply . Th i s  expec tat ion h a s  increa s ed s ince 
the oi l pr ice dec l i ne . The 1 9 8 7  NPC repor t ent i t led F ac to r s  
Affec t i ng u. s. O i l  & Gas Out look add re s sed t h i s  que s t ion . The 
resul t s  of a survey c onduc t ed as a part o f  that s tudy showed that 
net import s were expec t ed t o  incre a s e  by the year 2 0 0 0  from the 
1 9 8 5  l eve l o f  4 . 2  MMB / D  to 9 . 1 MMB / D  for the upper o i l pr i c e  
s cenar io and 1 3 . 6  MMB /D f o r  the lower o i l  price  s c enario . The 
Energy I n format i on Admi ni s t rat ion report , Annu a l  E nergy Out look 
1 9 8 7  [ DOE / E IA- 0 3 8 3 ( 8 7 ) ) ,  forecast  net import s t o  b e  1 0  MMB /D by 
the year 2 0 0 0 . Pas t re s e arch e f fort s are contr ibut i ng to current 
oil product i on , and the ongo i ng e f fort s in o i l  recovery may c on
tr ibute more to future o i l  product ion . However ,  w i t h  such a 
large expec t ed increase in  the net import s of o i l , the bene f i t s 

- 3 5  -



from research t o  imp�ove o i l  recovery are far short o f  o ff s e t t ing 
such a t rend . 

OTHER POLICY OPT IONS 

There are other pol i cy opt i ons that pot ent i a l ly would h ave a 
s igni f i c ant ly greater impact on increa s ing dome s t i c  o i l  produc
t ion in the next decade . Some o f  the mos t  import ant opt ions are 
to provide greater acce s s  to federal l and s and to  improve l e a s e  
t erms ; t o  remove t ax d i s i ncent ive s ( e . g . , Wind f a l l  Pro f i t s  Tax ) 
and t o  u s e  pos i t ive i nc ent ive s to maint a i n  ex i s t i ng produc t i on 
and s t imu l a t e  explorat ion and produc t i on ; and t o  decontrol gas 
pr ices  through repea l  o f  the Natural Gas Pol i cy Ac t . 

Both DOE and the o i l  i ndu s t ry have s epar a t e l y  ident i f i ed a 
number of  t he s e  i s su e s . Whi le there i s  not a lway s agreement 
about t he prior i t y , there is agreement that c o l l e c t i vely t he i r  
adopt i on would have the great e s t  probabi l i ty o f  i nc re as i ng t he 
dome s t i c  U . S .  o i l  produc t ion . Add i t ional pol icy opt i ons are 
addre s s ed i n  F ac t ors A f fect ing U . S . O i l  & Gas Out l ook . 

One exampl e  o f  federa l  government ac t ion c on t r ibut i ng t o  an 
incre a s ed o i l  supply has been the leas i ng o f  the Out er Cont i 
nent a l  She l f  i n  both o f f shore C a l i forni a and i n  deep wat er i n  t he 
Gul f  o f  Mex ico . Thi s  act ion has resul t ed i n  the d i s covery o f  oi l 
re servo i r s , and development pro j ec t s  are progre s s ing . A s econd 
example wa s the pha s ed decontrol of o i l  pr i c e s , part i a l ly o f f s e t  
b y  t he " Wi nd f a l l  Pro fi t s Tax , " s t art i ng i n  1 9 7 9 . " New " o i l  and 
cert a i n  EOR pro j ec t s rece ived the h igher oi l prices  f i r s t , fol 
lowed b y  " o ld "  o i l  be i ng a l lowed to gradua l l y  r i s e  t o  t h e  wor ld 
pr ices . The c omb inat i on of h i gher o i l  pr i c e s  and the t argeted 
i nves tment s i n  new dr i l l ing and EOR pro j ec t s  re sul t ed in re cord 
level rot ary r i g  ac t iv i t y  and an i ncrease in t o t a l  dome s t i c  o i l  
produc t i on . The result ant i ncrement a l  produc t i on i n  the lower 4 8  
s t a t e s  wa s more than s u f f i c i ent t o  o f f set the h i s t or i c a l  dec l i ne 
norma l ly a s s oc i a t ed with res ervo i r  d epl e t ion . I n  fact , the in
crement a l  product ion over the normal dec l i ne may h ave cont r ibuted 
an add i t i onal 1 . 5  t o  2 . 0  MMB / D  to u . s . produc t i on . Thu s the u . s . 
o i l  i ndu s t ry has  shown the abi l i t y  t o  increa s e  the dome s t i c  o i l  
supply i f  given e ffect ive incent ive s  and acce s s  t o  federal l and s . 
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T H E  SECRETARY OF EN ERGY 
WASHINGTON, D.C. 

Mr . Edwi n L. Cox 
C h a i rma n  
Nat i o n a l  Pet r o l eum Cou n c i l 
1 6 2 5  K St reet , NW 
Was h i ngton , DC 2000 6 

De a r  M r . Cox : 

J u l y  2 ,  1 987 

AP P END I X  A 

I n  Decembe r 1 98 5 , t h e  Ene rgy Re s e a rch  Adv i s o ry Boa rd wa s 
r eq u e s t ed to u n d e rt a ke a rev i ew o f  t h i s Nat i on ' s  ene r gy re l ated 
geo s c i ence resea rch needs a nd t he s t at u s  of the D e p a rtmen t ' s  
g e o s c i e nce res e a r c h  and dev el opment needs . T h e  f i n a l  repo rt wa s 
d e l i v e red i n  Feb ru a ry 1 987 . Your  o rg a n i z at i on d e l i v e r ed a 
repo rt at t h e  same t i me ent i t l ed " F a ct o r s  Af fect i n g U . S .  Oi l and 
Gas O u t l ook . "  One of t he opt i o n s  to r ed u ce t h i s  Nat i o n ' s  e n e rgy 
v u l n e ra b i l i ty wa s to p romot e res e a r c h  and dev e l opme nt to 
i n c rease t he recov e ry of o i l and g as a l re ady d i s cov e red , much of 
wh i c h can not be p rodu ced economi c a l l y  wi t h  cu r re n t  tec h n o l ogy 
and to d ev e l op l on g e r  range tec h n o l o g i es . T h e r e  i s  a d ef i n i te 
n eed to i nteg rat e t h e s e  two effo rt s  a n d  p r ov i d e  an i ndu s t ry 
pe rs pect i v e rel at i ve to fu t u re i n t e g rated / c o o rd i n at ed res e a rc h 
a n d  dev e l opme nt needs . 

Ac co rd i n g l y ,  I am req uest i ng t he Nat i o n a l  Pet r o l eum Cou n c i l  
t o  u n d e rt a k e  an u r gent study re l at i v e  to t h e  i m p l eme n t at i on and 
execut i on o f  a n at i onal  pet rol e um r e s e a r c h  e f f o rt . 
S p ec i f i ca l l y ,  t h e  study s h ou l d add res s t h e  feas i b i l i ty and 
mec h a n i sms for  e s t a b l i s hme nt of a n at i o n a l , not- fo r- p ro f i t ,  
p et rol eum re s e a rc h  i n s t i tute an a l ogou s to t h e  Ga s R e s e a r c h  
I n s t i tu t e , p a rt i c i pat i on of t he ent i re o i l a n d  g as i nd u s t ry ,  
a p p rop r i at e  fu n d i n g  l ev el ( s ) ,  i nt e r n a l  and ext e rn a l  de p a rtment 
o rg a n i z at i o n a l  st ructu res and i n te r f a c e s , p r i o r i t i z at i on o f  
res e a r c h  and dev e l opment needs , g e o g r a p h i c l oc at i on ( s ) , 
i n c o r p o r at i on of exi st i n g Fed e r al a n d  n o n - Fede r a l  exp e rt i se a n d  
d at a  b a s e s  and det a i l ed pl a n  fo r i m p l eme n t at i on a n d  execu t i o n . 
I h a v e  n oted t h at t h e  Nat i onal  Pet ro l eum C o u n c i l was o r i g i n a l l y  
e s t a b l i s h ed to ad v i s e  me on any mat t e r  re l at i n g t o  t h e  pet rol eum 
and gas i nd u s t ry .  It i s  we l l q u a l i f i ed and h a s  e x c e l l e nt 
expe rt i s e and rep resentat i on to pe rfo rm t h i s t i m e l y  and c r i t i c a l  
as s i g nment . 

Beca u s e  of t h e  u rgent need to i n t e g rate ou r i n i t i at i v es i n  
u . s .  o i l a nd gas  res e a rc h , I wo u l d l i ke an i n t e r i m  repo rt on t h e  
f i r s t , b a s i c  quest i on o f  t h e  ad v i s a b i l i ty a n d  feas i b i l i ty o f  
e s t a b l i s h i n g  a pet ro l eum res ea rch i n s t i t u t e . F o r  t he p u r pose o f  
t h i s st udy , I des i g nate J .  Al l e n Wam p l e r ,  As s i s t a nt S e c r et a ry 
for F os s i l E n e rgy to rep resent me a n d  to p rov i de t he n ec e s s a ry 
coo rd i n at i on betwe en the Dep a rtment of E n e r gy and t h e  Nat i o n a l  
Pet ro l eum C o u n c i l .  

You r s  t ru l y ,  



DESCRIPT I ON OF THE NATIONAL PETROLEUM COUNC IL 

I n May 1 9 4 6 , the Pres ident s tated that he h ad been impre s sed by 
the contribut ion made through government / i ndu s try cooperat ion to the 
succes s of the Wor ld War I I  petro leum program . He fe l t  that th i s  
c lose re lat ionship should be cont inued and s ugge s ted that the S ecre
tary of the Interior e s tabl i sh an indus try organ i z a t ion to provide 
advice on o i l  and gas matter s . Pur suant to th i s  reque s t , I nter ior 
Secretary J .  A .  Krug e s tab l i shed the Nationa l  Petro l eum Counc i l  on 
June 1 8 , 1 9 4 6 . In  October 1 9 7 7 , the Depar tment of Energy wa s e s tab
l i shed and the Counc i l ' s  funct ions were trans ferred to the new de
partment . 

The s o l e  purpo se o f  the NPC i s  to advi s e , in form , and make rec
ommendations to the Secretary o f  Energy on any matter , reque s te d  by 
him ,  re lating to pe tro leum or the petro leum indus try . Matter s  that 
the Secretary would l ike to have cons idered by the Counc i l  are sub
mitted as a reque s t  i n  the form of a letter out l ining the nature and 
scope o f  the s tudy . The Counc i l  re serve s the r ight to dec ide whether 
i t  wi l l  con s ider any matter re ferred to i t . 

Examp l e s  o f  recent ma j or s tud i e s  undertaken by the NPC at  the 
reque s t  o f  the Sec retary inc lude : 

• Re f inery F lexib i l i ty ( 1 9 8 0 )  

• Unconventional Gas S ources  ( 1 9 8 0 )  

• Emergency Preparedne s s  for Interrupt ion of Petroleum Import s 
into the United States ( 1 9 8 1 )  

• u . s .  Arct i c  O i l  & Ga s ( 1 9 8 1 )  

• Envi ronmental Conservat ion - - The O i l  and Gas I ndu s tr i e s 
( 1 9 8 2 )  

• Third Wor ld Petro l eum Deve lopment : A S tatement o f  
P r i nc ip l e s  ( 1 9 8 2 )  

• P etro leum I nventories  and S torage Capa c i ty ( 1 9 8 3 , 1 9 8 4 )  

• Enhanced O i l  Recovery ( 1 9 8 4 )  

• The S trategic Petroleum Re serve ( 1 9 8 4 )  

• u . s . Petroleum Re fin ing ( 1 9 8 6 )  

• F actors A f fec t ing u . s .  O i l  & Gas Outlook ( 1 9 8 7 ) . 

The NPC doe s not concern itse l f  with trade prac t i c e s ,  nor 
does  it engage in any of the usual trade a s s o c i at ion ac t iv i t ie s . 
The Counc i l  i s  s ub j ec t  to the provis ions o f  the F ederal Advi s o ry 
Commi ttee Act o f  1 9 7 2 . 

Members o f  the National Petro leum Counc i l  are appo inted by 
the Secretary o f  E nergy and repres ent a l l  segmen t s  o f  petro leum 
inte re s t s . The NPC i s  headed by a Cha i rman and a Vic e  Cha i rman , 
who are e l ec ted by the Counc i l . The Counc i l  i s  s upported 
ent i re ly by voluntary contr ibut ions from i t s  membe r s . 
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NAT IONAL PET ROLEUM COUNCI L 

MEMBERSHI P 

ADAMS , Wi l l i am L .  
Ch ai rman and 

Ch i e f  Exec u t i ve O f f i ce r  

1 98 8  

Union Pac if i c Re sou r c es Company 

ALLEN , Jac k  M .  
Cha i rman of the Boa r d  
Alpar Resour c e s , I nc . 

AMES , Eugene L . , J r . 
P re s i de n t  
Venus O i l  Company 

AN DERSON , Robe r t  O .  
P re s i de n t  
Hond o O i l  & Gas Company 

ANGELO ,  E r ne s t , J r . 
P e t r o l eum E ng i nee r  
Midland , Te xas 

BAILEY , Ralph E .  
Ch a i rm an of the Boa rd and 

C h i e f  Exec u t i ve O f f i ce r 
Un i te d  Me r i d i a n Co r po r at ion 

BARNES , James E .  
P r es i dent and 

Ch i e f  Exec u t i ve O f f i ce r  
MAPCO I nc .  

BASS , S id R .  
P r es i den t 
Bass B rothe r s  Ente r pr is e s , I nc . 

B LAC KBURN , Cha r l e s  L .  
Cha i rm an , P re s i de n t  and 

Ch i e f  Exec u t iv e  O f f ice r 
Maxu s Ene r gy Cor por a t i on 

BOOKOUT , Joh n  F .  
P re s i dent and 

Ch i e f  Exec u t i ve O f f i ce r  
Shell O i l  Company 
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BOWEN , W .  J .  
Ch a i rman of the Boa r d  
T ra n s co E ne r gy Company 

BRINKLEY , Don a l d  R .  
P re s i de n t  and 

Ch i e f  Exec u t i ve O f f i ce r  
Colo n i a l  P ipel i n e  Company 

BURGU I E RES , Ph i l i p 
Ch a i rman , P r e s i d e n t  and 

Ch i e f  Exec u t i ve O f f i ce r  
C ame r o n  I r on Wo r k s , I n c . 

BURKE , F r a n k M . , J r . 
Ch a i rman and 

C h i e f  Exec u t i ve O f f i ce r  
Bur ke , May bor n Company , Ltd . 

CAL DE R ,  B r uc e  
P r es i den t 
B r uc e  Calde r , I nc . 

CARL , Wi l l i am E .  
P re s i de n t  
C ar l O i l  & Gas Co . 

CARVE R ,  Joh n A .  , J r . 
Coll ege o f  L aw 
U n ive r s i ty of De nve r 

CAS H , R .  D .  
C ha i rm an ,  P re s i de n t  and 

Ch i e f  Exec ut iv e O f f ic e r  
Q ue s t a r  Cor por a t i on 

CHANDLE R ,  Col l i s  P . , J r . 
P re s i den t  
C hand l e r  & Assoc i ate s , I nc . 

CHENAULT , J ame s  E . , J r . 
V i ce Cha i rman o f  the Boa rd 
Lon e S ta r  S te e l  Company 



CHRI SMAN , Ne i l  D .  
S e n i o r  Vic e P r e s i dent 
Mor gan Gua r a n ty T r u s t  Company 

of New Yo r k  

CLARK , E .  H . , J r . 
Chai rman of the Boa r d  
Ba ker Hug he s  I ncor por a ted 

CONKLIN , Danny H .  
Par tn e r  
Ph i lcon D eve lopmen t Co . 

COOK , Lodw r ic k  M .  
C ha i rm an o f  the Boa r d  and 

Ch i e f  Exec u t iv e  O f f ice r 
Atlan t i c R i ch f i e l d  Company 

COPELAND , Ma r k  G .  
Par tne r 
Cope l and , Land ye , Benne t t  

and Wol f 

COPULOS , M i l  ton 
D i r ec tor 
N at ura l Resour c e s  and 

N at ion a l  S ec u r i ty P r oj ects 
N at i ona l D e f en s e  Counc i l  

Found at ion 

COX , Edw i n  L .  
Ch a i rman 
Cox O i l  & Gas , I nc . 

COYLE , Al f r e d  J .  
Manag i ng D i rec to r  
PaineWe bbe r , I ncor por ated 

CRU I KS HANK , Thom as H .  
P r es ident and 

Ch i e f  Exec u t i ve O ff i ce r  
Ha l l ibu r to n  Company 

DIETLER ,  Cor t l and t S .  
Ch a i rman and 

C h i e f  Exec u t i ve O ff i ce r  
Na t u r al G a s  As soc i ates , I nc . 

DORN , D av i d F .  
P r es i dent 
F or e st O i l Cor por a t i on 
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EMI S ON , J ames W .  
P r es i den t 
Wes te r n  P e t r o l eum Company 

ERICKSON , Ron ald A .  
C ha i rm an o f  the 

Exec ut iv e Comm i t te e  
E r i ckson P e t r o l eum Cor por a t i on 

EVANS , F r e d  H .  
P re s i de n t  
Equ i ty O i l  Company 

FARRELL ,  J .  M i c h a e l  
P a r tne r 
Mana t t , Phe lps , Rothen be r g  & 

Evans 

F I S HE R ,  Wi l l i am L .  
D i r ecto r  
B u r e au o f  E conom i c Geology 
U n i ve r s i ty of Te xas a t  Aus t i n  

GARY , James F .  
I nte rna t i ona l Bu s i ne s s  and 

Ene r g y  Adv i so r  
Hono lulu , Hawa i i  

GLANVI LLE , J ame s W .  
G ene r a l  P a r tne r  
La z a r d  F r e r e s  & Co . 

GON Z ALE Z , Ri ch a r d  J .  
Ene r g y Econom i c  Con s ul t an t 
Aust i n ,  Texa s 

GOTTWALD , F .  D . , J r . 
C ha i rman o f  the Boa rd , 

Ch i e f  Exec ut iv e O f f ice r and 
Cha i rman of the Exec u t i ve 

Comm i t te e  
E thy l Cor por a t i on 

GUNN , Ro be r t D .  
C ha i rman o f  the Boa rd 
Gunn O i l Company 

HALBOUTY , M ich e l  T .  
Chai rman of th e  Boa rd and 

C h i e f  Exec u t i ve O ff i ce r  
M i c h e l  T .  Halbouty Ene r g y  Co . 



HALL , Joh n R .  
Ch ai rman and 

Ch i e f  Exec u t i ve O f f i cer 
As hl and O i l , I nc .  

HALL , Rona ld E .  
P r es i dent and 

C h i e f  Exec u t i ve O ff i ce r  
C I TGO Pe tr oleum Cor po r at ion 

HAMILTON , Fred e r i c  C .  
Ch a i rman , 

C h i e f  Exec u t i ve O f f i cer 
and P r es i den t 

Hami l ton O i l Cor por a t i on 

HAMME R ,  Arm and 
Cha i rm an of the Boa r d  and 

Ch i e f  Exec u t iv e  O f f ice r 
Occ iden tal P e t r o l eum Cor por a t i on 

HARTLEY , F r e d  L .  
Cha i rm an and 

Ch i e f  Exec u t i ve O f f i ce r  
Unoc al Cor po r at i on 

HAUN , Joh n D .  
P r es i den t 
Bar low & Hau n , I nc . 

HEFNE R ,  Ra ymond H . ,  J r . 
Cha i rm an and 

Ch i e f  Exec u t i ve O ff i ce r  
Bonray Ene r g y Co r por at ion 

HEMM IN GHAUS , Roge r R .  
Ch ai rman and 

C h i e f  Exec u t i ve O f f i ce r  
D i amond Sham r oc k R&M , I nc . 

HENDRI X ,  D en n i s  R .  
P r es i dent and 

C h i e f  Exec u t i ve O f f i ce r  
Te xas Eas te r n Cor po r at ion 

HESS , Leon 
Cha i rm an of the Boa rd and 

Ch i e f  Exec u t iv e  O f f i c e r  
Amerada H e s s  Cor por a t i on 

HOBBS , Ma r c i a  Wi l son 
Comm un i ty L eade r 
Lo s Ang e l e s , C a l i f or n i a  
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HOWSON , Robe r t  E .  
P r es iden t and 

C h i e f  Ope r a t i ng O f f i ce r  
McDe rmo t t  I n te r na t ion a l  Inc . 

BUFFIN GTON , Roy M .  
Ch a i rman of th e  Boa r d  and 

C h i e f  Exec u t i ve O f f i ce r  
Roy M .  B u f f i ng to n , I n c . 

HUNSUC KER ,  Robe r t  D .  
Ch a i rman , P r es iden t and 

C h i e f  Exec u t i ve O f f i ce r  
Panh an d l e Eas te r n Co r po r a t ion 

HUNT , Ray L .  
Chai rman of th e Boa r d  
H unt O i l  Company 

JOHNSON , A .  C la r k  
C ha i rman and 

C h i e f  Exec u t i ve O f f i ce r  
Union Te x a s  Pe t r o l e um 

Cor por a t i on 

JONES , A .  V . , J r . 
P a r tn e r  
Jone s Company 

JONES , Jo n Re x 
P a r tne r 
Jone s Company 

KELLE R ,  Geor g e  M .  
C ha i rm an o f  the Boa r d  and 

Ch i e f  Exec ut iv e  O f f ice r 
C hevron Cor por a t i on 

KEPLINGE R ,  H .  F .  
P re s i de n t  and 

Chai rman of th e  Boa r d  
K epli nge r Hold i ng s , L td . 

KET ELSEN ,  J ame s L .  
Cha i rman and 

Ch i e f  Exec u t i ve O f f i ce r  
Tenneco I n c . 

K INNEA R ,  J ames W .  
P r es i de n t  and 

C h i e f  Exec u t i ve O f f i ce r  
Te xac o I n c . 



KOCH , C ha r l e s  G .  
Ch a i rman and 

C h i e f  Exec u t i ve O f f i ce r  
Koch I nd u s t r i e s , I nc .  

KUE HN , Rona ld L . , J r . 
C h a i rman , P r es i dent and 

C h i e f  Exec u t i ve O f f i ce r  
Sona t I nc .  

LAY , Kenne t h  L .  
Ch a i rman of the Boa rd and 

C h i e f  Exec u t i ve O ff i ce r  
Enron Cor p .  

LI CHTBLAU , Joh n H .  
P r es i dent 
P e t r o l eum I ndu s t r y Re s e a r ch 

Foundat ion , I nc . 

L I EDTKE , J .  Hug h 
Ch a i rman of th e  Boa r d  
P enn zo i l  Compan y 

McCLEMENT S ,  Robe r t , J r . 
Cha i rm an o f  t he Boa r d  and 

Ch i e f  Exec u t iv e  O f f i c e r 
Sun Company ,  I nc . 

MacDONALD ,  Pe te r  
Cha i rm an 
T he N ava j o T r i b a l  C ounc i l  

McFARLAND , Le e C .  
Cha i rm an o f  the Boa r d 
McFa r l and Ene r gy , I nc .  

McNUTT , J ac k  W .  
P r e s i dent and 

C h i e f  Exec u t i ve O f f i ce r  
Mur phy O i l Cor po r at i on 

Mc PHE RS ON , Fran k A .  
Ch a i rman and 

C h i e f  Exec u t i ve O ff i ce r  
K e r r -McGe e Cor po r at ion 

MAGU IRE , Car y M .  
P r es i dent 
Mag u i re O i l  Company 
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MAYER ,  F r e d e r i c k  R .  
P r es i d e n t 
C apt i va Cor por a t i on 

ME I DINGE R ,  Judy 
Cha i rm an of the Boa rd 
Ko n i a g  I n c . 

M I LLE R ,  C .  Joh n 
Pa r tn e r  
M i l l er E ne r gy Company 

MISBRENE R ,  Jos ep h M .  
P re s i de n t  
O i l , Chemi c a l  & Atom i c Wor ke r s  

I n te r n a t ion a l  U n i o n , AFL - C I O  

M ITCHEL L , G eo r ge P .  
C h a i rman , 

C h i e f  Exec u t i ve O f f i ce r  
and P r e s i den t 

M i t ch e l l  E ne r gy and 
Dev elopmen t Co r po r a t ion 

MOFFET T , J am e s  R .  
Ch a i rman of th e  Boa r d  and 

C h i e f Exec u t i ve O f f i ce r  
F r e e por t-McMoRa n I n c . 

MORROW , R i ch a r d  M .  
C h a i rman of th e  Boa r d  
Amoco Cor por a t i on 

MOSBACHE R ,  Ro be r t  A .  
C ha i rm an 
Mos bac h e r  E ne r gy Company 

MUNRO , Joh n  Thom a s  
P re s i de n t  
Mun r o  P etr o l eum & 

Te rm i n a l  Co r po r at i o n  

MURP HY , Joh n J .  
Ch a i rman , P r e s i d e n t  and 

C h i e f  Exec u t i ve O f f i ce r  
D r e s s e r I nd u s t r i e s , I n c . 

MURRAY , All en E .  
C h a i rman of th e Boa r d  

P re s i de n t  and 
Ch i e f  Exec u t iv e  O f f ic e r  

Mob i l  Cor por a t i on 



N I CANDRO S , Con s t an t i ne S .  
P r es i dent and 

C h i e f  Exec u t i ve O f f i ce r  
Co noc o I nc .  

NOB LE , S amue l R .  
Ch a i rman of the Boa r d  
Noble Af f i l i ate s 

O ' CONNOR ,  Ra ymond J .  
V i ce P re s i de n t  
C i t i bank , N . A .  

PACKE R ,  Wi l l i am B . , S r . 
Ch a i rman of the Boa r d  
S eav i ew P e t r o l eum Company 

PALME R ,  C .  R . 
Cha i rm an o f  t he Boa r d , 

P r es i den t and 
Ch i e f  Exec u t i ve O f f i ce r  

Rowan Compani e s , I nc .  

PARKE R ,  Robe r t  L .  
Chai rman of the Boa r d  and 

Ch i e f  Exec u t i ve O f f i ce r  
Pa r ke r  D r i l l i ng Company 

PERRY , K enne th W . 
P r es i dent and 

C h i e f  Exec u t i ve O f f i ce r  
Ame r ican Pe tr of i n a , 

I ncor por a ted 

PETTY , T r av i s  H .  
V i ce Cha i rman 
B u r li ng ton Nor the r n  I nc .  

PICKENS , T .  Boon e , J r . 
Gene r a l  P a r tne r 
Me s a  L imi ted Pa r tne r s h ip 

P ITTS , L .  F ra n k  
Owne r 
P i tts E ne r gy G r o up 

P LANK , Ra ymond 
Cha i rman and 

Ch i e f  Exec u t i ve O ff i ce r  
Apach e Co r po r at i on 
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P RUET , C he s l e y  R .  
P r es iden t 
P r ue t  D r i l l i ng Company 

RAWL , Law r e nc e  G .  
Cha i rm an o f  the Boa r d  and 

Ch i e f  Exec ut iv e O f f ic e r  
E xxon Cor por a t i on 

REED , Ro be r t G .  I I I  
C ha i rman o f  the Boa rd , 

P r e s i d e n t  and 
C h i e f  Exec u t i ve O f f i ce r  

Pac i f i c  Re s o u r c e s , I n c . 

ROBERTS , Phy l l i s  V .  
I n te r na t i on a l  P r e s i den t 
Gene r a l  F ed e r a t i on o f  

Women ' s  C lu bs 

ROSE NBERG , Hen r y A . , J r . 
Cha i rman of th e  Boa r d  and 

C h i e f  Exec u t i ve O f f i ce r  
Cr own Cen t r a l  Pe t r o l e um 

Cor por a t i on 

ROS S , J ame s  H .  
P re s i de n t  and 

C h i e f  Exec u t i ve O f f i ce r  
B P  Ame r i c a  I n c . 

S ILAS , C .  J .  
Cha i rman o f  t he Boa r d  and 

Ch i e f  Exec ut iv e  O f f ic e r  
P h i l l i p s  P e t r o l eum Company 

S I MMONS , Don a l d  M .  
P re s i de n t  
S immon s Roya l ty Company 

S LAWSON , Don ald C .  
C ha i rm an o f  the Boa r d  and 

P r e s i d e n t  
S l aw son Compan i e s 

SMI TH , C l a i r S . , J r . 
S mi t h  Ente r pr i s e s 

SMI T H ,  We ldo n  H .  
C ha i rman o f  the Boa r d  
B ig 6 D r i l l i ng Company 



SMITH , Wi l l i am T .  
C h a i rman 
Wolve r i ne Expl or a t i on Company 

SORENSE N , A r lo G .  
P re s i de n t  
M .  H .  Wh i t t i er Cor por a t i on 

S WALE S , Wi l l i am E .  
V i ce Cha i rm an - E ne r gy 
usx Co r po r at i on 

T RUE , H .  A . , J r . 
Pa r tne r 
T r ue O i l  Company 

VETTE R ,  Edwa r d  0 .  
P re s i de n t  
E dwa r d  o .  Vette r & 

A s so c i a t e s , I nc .  

WARD , L .  0 .  
Owne r -P r es i den t 
Ward P e t r o l eum Cor por a t i on 

WES T , Robe r t  V . , J r . 
C ha i rm an o f  the Boa r d  
Te sor o Pe t r o l e um Cor po r a t ion 
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W I LL I AMS , Jos e ph H .  
C h a i rman of th e Boa r d  and 

C h i e f  Exec u t i ve O f f i ce r  
The Wi l l i ams Compa n i e s , I n c . 

WI LLIAMS ON , E r n e s t  L .  
Ch a i rman and 

C h i e f  Exec u t i ve O f f i ce r  
Th e Lo u i s i an a  Land and 

Expl or a t i on Compan y  

WI S CHE R ,  I r e n e  S .  
P re s i de n t  and 

C h i e f  Exec u t i ve O f f i ce r  
Panhandl e Pr odu c i n g  Company 

WOODS , D a l to n  J .  
P r es i d en t  
D al wood C or por a t i on 

ZARROW , H e n r y  
P re s i de n t  
S oone r P ipe & S upp ly Cor por a t i on 

Z EPPA , K e a t ing V .  
C ha i rm an 
D e l taUS Cor po r a t i on 



AP P E ND I X  B 

NAT I ONAL PETROLEUM COUNC I L  

COMMI TTEE ON 
ESTABL I SHING A PETROLEUM RESEARCH INSTITUTE 

CHAI RMAN 

C .  J .  S i l as 
Cha i rm an o f  the Boa r d and 
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DEFINITIONS 

Research : Planned search or critical investigation aimed at discovery of new knowledge with the hope 
that such knowledge will be usefu l in developing a new product or service, or a new process or technique, 
or in bringing about a signif icant improvement to an existing product or process. 

Development : The translation of research findings or other knowledge into a plan or design for a new 
product or process, or for a significant improvement to an existing product or process intended for sale or  
use .  It includes the conceptual formulation ,  design and testing of  design alternatives ,  construction of 
prototypes, and operation of pi lot plants. It does not include routine or periodic alterations to existing 
products, production l ines ,  manufacturing processes, and other ongoing operations,  and it does not 
include market research or testing activities. 

The following examples are NOT research and development activities : 

Engineering follow-through in an early phase of commercial production 

Quality control testing during commercial production 

Trouble shooting in  connection with breakdowns in  commercial production 

Ongoing efforts to refine or otherwise improve an existing product 

Adapting an existing capability to a particular customer's need as part of an ongoing commercial activity 

Design and construction engineering related to construction,  rearrangement or start-up of facil ities, 

un less such facil ities are pi lot plants or are used solely for a particu lar research and development 
project. 

Expenditures : Research and development costs include a reasonable al location of indirect costs. 
However, general and administrative costs that are not clearly related to research and development 
activities should not be included . 

Manpower:  Technical manpower (scientists,  engineers ,  d i rect technical support ,  and f i rst l ine 
supervision) e mployed in your research effort. Only those employed in fu l l-time research shou ld be 
included. Do not include field support personnel. 

NOTE: The above definitions of research and development and examples of non-qualifying activities were 
taken with minor modifications from the Financial Accounting Standards Board statement of accounting 
standards for research and development costs. 

EOR - Chemical Flooding : I njection of water with added chemicals into a petroleum reservoir. Three 
chemical processes are considered : surlactant flooding, polymer f looding, and alkal ine flooding.  

EOR - Miscible Flooding : I njection into a petroleum reservoir of a material that is miscible ,  or can 
become miscible, with the oil in the reservoir. Carbon dioxide is the primary material considered. Nitrogen 
and hydrocarbon gases are considered for specific projects. 

EOR - Thermal Recovery : I nject ion of steam into a petroleu m reservoir ,  o r  p ropagation of a 
combustion zone through a reservoir by air or oxygen-enriched air injection .  Steam drive, cyclic steam 
injection ,  and in s itu combustion are thermal recovery processes. 
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Reservoir Characterizatio n :  Defin it ion of the reservoir  configu ration and its f lu id flow properties. 
I ncludes wel l  logging ,  core analysis , well testing, and tracer methods .  Also includes post-discovery 
geological or geophysical work related primari ly to reservoi r  description ,  such as clastic and carbonate 
facies distribution,  reservoir diagenesis , fault and fracture characterization,  geologic modeling, and seismic 
definition of reservoir properties and structural features. 

Other Production Research and Development : Areas of research and development related to oi l  
and gas production not included in the categories noted above. Areas include dri l l ing , well completions, 
materials, production facilit ies, gas recovery and processing, tight and other unconventional gas recovery, 
reservoir simu lation, offshore and Arctic operations , and environmental protection .  

Exploration : Areas of  research and development related to exploration not included in the reservoir 
characterization category. Areas include geophysical data acquisition and processing, seismic data 
interpretation ,  seismic model ing ,  DH I  analysis ,  basin evolution ,  petro leum geochemistry ,  migration ,  
structural geology, trap and seal, sequence stratigraphy, etc. 

Total Research and Development : The total research and development effort re lated to oi l  and gas 
exploration and product ion .  The sum of the categories listed above should equal total research and 
development .  
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PART I 

General Questions 

1 .  What was your  corporate revenue from oil and gas production in 1 986? 

$:......_ __ __,Mi1Don 

2. What was your oil and gas production in 1 986? 

a) Domestic ____ .Mi ll ion BOE 

b) International ____ .Mi ll ion BOE 

Code N umber ___ _ 

3. Assuming that the oil price situation for the next five years remains similar to that prevai li ng in 1 987, do 
you expect your  research and development spending for oil and gas to : (Check One) 

a) Increase? 

b) Decrease? 

c) Remain the Same? 

4. Does your organization conduct or support exploration and production research activities? 

a) Yes ___ _ 

b) No ___ _ 

NOTE: If yes, please indicate approximately in what year your company began exploration and production 
research C ) and .aJ.s.Q complete manpower and expense detai ls i n  Part I I .  

5. What R&D related activities do you consider important to future oi l and gas recovery technology that you 
do not believe are being covered by current industry, government, and/or academic efforts? (NOTE: All 
answers to this question will be transmitted--without identifying the author in any way--to the NPC 
Committee on Establishing a Petroleum Research Institute and will be public. Please attach additional 
sheets if necessary.) 
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Cod e  Number __ _ 

PART I I  

Oil and Gas Research and Development Activity Levels, 1 975 - 1 988 

Table 11·1 Research and Development Expenditures in Millions of Dollars 

1975 1980 1981 1982 1983 1984 1 985 1 986 1 987 1988 

EOR · Chemical 

EOR · Miscible Gas 

EOR • Thermal 

Reservoir 
Characterization 

Other Production 
Research and 
Development 

Exploration 

TOTAL, Research 
and Development 

Table 11·2 Research and Development Activity Levels in Man-Years 

1975 1980 1981 1982 1 983 1 984 1 985 1 986 1 987 1988 

EOR • Chemical 

EOR · Miscible Gas 

EOR · Thermal 

Reservoir 
Characterization 

Other Production 
Research and 
Development 

Exploration 

TOTAL, Research 
and Development 

NOTE: Definitions of terms used are attached. 
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Code Number ___ _ 

PART Ill 

Assessment of Current Geoscience Research 

The 1 987 reports by ERAB and N RC* Identified add itional researc h  needs I n  the th ree 
major geoscience areas listed below. For each area, please Indicate the natu re of your 
research prog ram by answering the fol lowing questions. 

G EO L O G Y  

1 .  Indicate the importance of geology technology to your  company: (Check One) 

a) Very Important 

b) Somewhat Useful 

c) No Significant Impact __ _ 

2. Is your company conducting geologic research? 

No__ Yes __ (If yes, please complete Table 111- 1). 

G E O C H E M I STRY 

3. Indicate the importance of geochemistry technology to your company : (Check One) 

a) Very Important 

b) Somewhat Useful 

c) No Significant Impact __ _ 

4. Is your company conducting geochemical research? 

No__ Yes __ (If yes, please complete Table 111-2). 

G E O P H YS I CS 

5. Indicate the importance of geophysics technology to your company: (Check One) 

a) Very Important 

b) Somewhat Useful 

c) No Significant Impact __ _ 

6. Is your company conducting geophysical research? 

No__ Yes __ (If yes, please complete Table 111-3). 

* Energy Research Advisory Board, Geoscience Research for Energy Security, February 1 987; National Research 
Counci l ,  Future Directions in Advanced Exploratory Research Related to Oil, Gas, Shale, & Tar Sand Resources, 
1 987. 
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TABLE 1 1 1-1 

GEOLOGIC RESEARCH 

Research Area 

1 .  Clastic and Carbonate Facies Distribution 

a) Sequence analysis 

b) Geostatistical analysis 

c) Development of modern and ancient analogs 

2. Fault and Fracture Characterization 

a) As major conduits for migration of petroleum 

b) In relationship to conventional reservoir properties 
(permeability and porosity) for controlling fluid flow 

c) Mathematical models integrating fracture networks 
with reservoir properties 

3. Reservoir Studies 

a) Thermal and hydrodynamic history of basins 

b) Relationship between geologic variables and fluid flow 

c) Relationship between primary porosity and permeability 
to secondary patterns of diagenesis and fracturing 

d) Rock physics and chemistry 

4. Complex Structure Analysis 

a) Development of new geologic techniques 

5. Other** 

Priority* 
(H/M/L) 

Code Number ___ _ 

Active 
Prog ram 

(Y/N) 

* Priority should be based on the need for additional research to develop adequate technology. 
** If you feel other areas should receive high priority , please include them in your answer to 

question 5 in Part I .  
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TABLE 1 11-2 

GEOCHEMICAL RESEARCH 

Research Area 

1 .  Reservoir Studies 

a) Geochemical studies related to compositional changes 
of rocks through time 

b) Chemical reactions related to fluid-rock or 
fluid-rock interfaces 

2. Petroleum Geochemistry 

a) Correlation of oil and gas 

b) Recognition of source rock 

c) Prediction of hydrocarbon accumulations 

3. Other** 

Priority* 
(H/MIL) 

Code Number ___ _ 

Active 
Prog ram 

(Y/N) 

*Priority should be based on the need for additional research to develop adequate technology. 
** If you feel other areas should receive high priority, please include them in you r  answer to 

question 5 in Part I .  
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TAB LE 1 11-3 

GEOPHYSICAL RESEARCH 

Research Area 

1 .  Seismic Identification of Reservoir Properties 
and Structural Features 

a) 3-D techniques 

b) Vertical seismic profiles 

c) S-waves 

d) Seismic tomography 

e) Seismic modeling 

f) Fracture identification 

g) Seismic determination of l ithology 

h) Seismic determination of fluid content 

2. Development of Geologic Modeling Techniques 

a) Computer/physicai 2-D modeling 

b) Computer/physical 3-D model ing 

c) I ntegration of geologic, geophysical, and 
geochemical data 

3. Well  Logging 

a) Logging tool development 

b) Techniques for identification of reservoir properties 

c) Techniques to examine behind well casing 

d) Deep investigation techniques 

e) Measurement while dri l l ing (MWD) 

4. Seismic Data Quality (Enhanced Resolution) 

a) Improved data gathering tools and techniques 

b) Data processing 

5. Other** 

Priority* 
(H/MIL) 

Code Number ___ _ 

Active 
Prog ram 

(Y/N) 

* Priority should be based on the need for additional research to develop adequate technology. 
** If you feel other areas should receive high priority, please include them in your answer to 

question 5 in Part I. 
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Code Number ___ _ 

PART IV 

Assessment of Current EOR Research 

The 1 984 NPC EOR study* Identified additional research needs I n  the three major EOR 
areas listed below. For each area, please Indicate the nature of you r  research prog ram 
by answering t he following questions. 

THERMAL RECOVERY 

1 .  I ndicate the importance of thermal recovery technology to your company: (Check One) 

a) Very Important 

b) Somewhat Useful 

c) No Significant Impact __ 

2. Is your  company conducting research on thermal recovery? 

No__ Yes __ (If yes, please complete Table IV- 1). 

MISCIBLE FLOODING 

3.  Indicate the importance of miscible flooding technology to your company: (Check One) 

a) Very Important 

b) Somewhat Useful 

c) No Significant Impact __ 

4. Is your company conducting research on miscible flooding? 

No__ Yes __ (If yes, please complete Table IV-2}. 

CHEMICAL FLOODING 

5.  Indicate the importance of chemical f looding technology to your  company: (Check One) 

a) Very Important 

b) Somewhat Useful 

c) No Significant Impact __ 

6. Is your  company conducting research on chemical flooding? 

No__ Yes __ (If yes, please complete Table IV-3}. 

*National Petroleum Cou ncil , Enhanced Oil Recovery, June 1 984. 
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TAB LE IV-1 

THERMAL RECOVERY TECHNOLOGY 

Research Area 

1 .  Injectant Systems 

a) Downhole steam generation 

b) Cogeneration 

c) In situ combustion with oxygen-enriched air 

2. Process Mechanisms 

a) Mobility control 

b) Noncondensible gas injection with steam 

c) Light oi l steamflooding 

d) Hydrau lic fracturing ( improved understanding of 
geomechanical effects) 

3. Project Design and Analysis 

a) Post-steam waterflooding 

b) Wellbore heat loss 

c) Fluidized bed combustion 

4. Other** 

Code Nu mber ___ _ 

Priority* 
(HI MIL) 

Active 
Prog ram 

(Y/N) 

* Priority shou ld be based on the importance of the technology to economic application of thermal 
recovery and to the need for additional research at this time to develop adequate technology. 

** If you feel other areas shou ld receive high priority, please include them in your answer to 
question 5 in Part I .  
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TABLE IV-2 

MISCIBLE FLOODING TECHNOLOGY 

Research Area 

1 .  Injectant Systems 

a) C02 production technology 

2. Process Mechanisms 

a) Mobility control 

b) Miscible nitrogen flooding 

c) Immiscible C02 flooding 

d) Fluid-rock interactions (wettability, water blocking, etc.) 

3. Process Design and Analysis 

a) Minimum miscibi lity pressure prediction methods 

b) Phase behavior characterization 

c) Process simulation capabilities for field-scale application 

d) Produced C02 processing faci lities 

e) WAG process optimization 

4. Other** 

Priority* 
(H/M/L) 

Code N umber, ___ _ 

Active 
Prog ram 

(YIN) 

* Priority should be based on the importance of the technology to economic application of miscible 
flooding and to the need for additional research at this time to develop adequate technology. 

** If you feel other areas should receive high priority, please include them in your  answer to 
question 5 in Part I .  

C- 1 2  



TABLE IV-3 

CHEMICAL FLOODING TECHNOLOGY 

Research Area 

1 .  Injectant Systems 

a) Temperature-insenstive surfactants 

b) Salinity-insensitive surfactants 

c) Surfactants for high-temperature , high-salinity reservoi rs 

d) Surfactants for low-temperature, high-salinity reservoirs 

e) Surfactants for high-temperature,  low-salinity reservoirs 

f) Lower-cost surfactants 

g) More-effective surfactants 

h) Surfactants for use in carbonate reservoirs 

i) Thermally-stable polymers 

j) Lower-cost polymers 

k) More-effective polymers 

I) Polymers for lower-permeability formations 

m) Thermal stabi lizers for polymers 

n) Polymers having improved injectivity characteristics 

2. Process Mechanisms 

a) Reduced surfactant adsorption 

b) I mproved understanding of flow mechanisms 

c) Understanding of polymer thermal degradation 
mechanisms 

d) Effects of microorganisms/biocides on polymer stabi lity 

e) Polymer propagation and retention 

f) Factors affecting injectivity 

g) Improved polymer cross-linking treatments 

h) Improved alkaline flooding processes 

3. Project Design and Analysis 

a) Design of project pattern size/type and faci lities 

b) Vertical distribution of fluids 

4. Other** 

Code N umber ___ _ 

Priority* 
(H/M/L) 

Active 
Prog ram 

(Y/N) 

* Priority shou ld be based on the importance of the technology to economic application of chemical 
flooding and to the need for additional research at this time to deve lop adequate technology. 

** If you feel other areas should receive high priority, please include them in your answer to question 5 
in Part I .  
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Code Number ___ _ 

NPC RESEARCH ADDENDUM SURVEY 

1 . Assuming that there wi l l  be proposed projects of importance to yo u r  operations and that 
you r  participation wou ld be vol u ntary, would you contribute money to such a cooperative 
research prog ram if th e money we re matched by the DOE? 

Yes No 

If yes, what level of annual contribution would you anticipate? 

Less than $1 0 ,000 
$1 0,000 to $1 00,000 
$1 00,000 to $500,000 
Over $500,000 

2. Would these be funds additional to your current spending on research and development? 

Yes No 

3 .  I f  a cooperative research institute were establ ished,  wh ich of the  fo l lowing structu res 
would be most effective (check one) : 

a. A permanently staffed national petroleum research institute? 

b. An industry committee that would facil itate the formulation ,  financing 
and contracting of individual cooperative research projects proposed by 
various industry or academia organizations with partial government 
funding when appropriate? 

c. A non-industry- led group (e.g . ,  un iversity consortium) that wou ld 
facil itate the formulation ,  financing and contracting of individual 
cooperative research projects with both industry and govern m ent 
providing advice and financing? 

d. Other structure (please describe)? 
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4.  What featu res d o  you want t o  see in a consortium research institute? 

EOR I nstitute Only 

Broad Based Geoscience Institute 

No I n stitute 

I ndustry Led/Contro l led 

Un iveristy Led/Control led 

DOE Led/Control led 

Un iversity Participation 
(without co ntrol) 

DOE Matching Funds Only 
(money without control) 

Other Essential Features 

Yes No 

Code Number ___ _ 

5 .  Do you have the techn ical staff necesary to provide advice to a cooperative research effort 
and to apply the resu lts to you r  operations? 

Yes No 

6 .  Do you bel ieve th at a new cooperative effo rt o n  enchanced o i l  recovery research (o i l  
recove ry p rocesses and re lated geoscience) is l ikely to  h av e  a posit ive and s ign ificant 
impact on the domestic oil and gas supply outlook? 

Yes No 
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APPEND IX D 

AGGREGAT IONS OF RES PONSE S 

TO THE 

NATIONAL PETROLEUM COUNC I L  

O I L  AND GAS RE SEARCH AND DEVELOPMENT S URVEY 

The data cont ained in thi s Appendi x  are the 
aggregat i on s  o f  the s urvey re spon s e s  as 
provided by Arthur Andersen & Co . I nd i 
vidua l survey re sponses  were held i n  s t r i c t  
con fidence by Arthur Ande rsen , and n o  
ident i f i able i nd ividua l re s pons e  d a t a  were 
re leased to the NPC . 
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PART I 

GENERAL QUE S T I ONS 

Nat i onal Pet roleum Counc i l  

Aggrega t e  Survey Re su lt s o f  3 8  Re spondent s 

1 .  What was your corporat e revenue from o i l  and g a s  produc t i on 
i n  1 9 8 6 ?  

$ 5 9 , 1 9 8 . 7 8 M i l l ion 

2 .  What wa s your o i l and gas produc t ion i n  1 9 8 6 ?  

a }  Dome s t i c  

b ) I nt ernat i ona l 

3 , 0 5 6 . 2 9 Mi l l ion BOE 

1 , 6 9 2 . 2 3 Mi l l i on BOE 

4 .  Does your organi z at ion 
conduct or s upport ex
plorat ion and produc t ion 
research ac t ivi t i e s ? 

Ye s 

No 

3 .  As s umi ng that t he o i l  price 
s i tuat i on for the next  f ive 
years rema ins s imi l ar t o  that 
prev a i l ing in 1 9 8 7 , do you 
expec t  your r e s earch and 
deve l opment spend i ng for o i l  
and g a s  t o : 

I ncrea s e  Decrease S ame 

1 3 . 1 6 %  1 0 . 5 3 %  4 2 . 1 1 % 

2 . 6 3 %  2 . 6 3 %  2 8 . 9 5 %  

NOTE : I f  yes , please i nd i c at e  approx imat e ly i n  what year your 
company began explorat ion and product i on r e s earch : 

1 9 0 7  
1 9 2 0  
1 9 2 4  
1 9 2 7  
1 9 2 9  
1 9 3 5  
1 9 3 6  

1 9 3 9  
1 9 4 1  
1 9 4 5  
1 9 4 7  
1 9 5 0  
1 9 5 2  
1 9 5 6  
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5 .  Wha t  R&D re lated activi t i e s  do you cons ider important to 
future o i l  and gas recovery techno logy that you do not 
be l ieve are be ing covered by current indus try , government , 
and / or academ i c  e f fort s ? 

COMPANY A :  
Important a spec t s  o f  recovery techno logy are be ing addre s s ed 

by one or more o f  the above segments . 

COMPANY B :  
All  aspec ts re lat ing to techn i c a l  matter s  are b e i ng 

adequate ly covered . 
We c on s ider co2 Foam a s  an important R&D need . 

COMPANY C :  
Re s e arch on feas ib i l ity o f  m1n 1ng or o therwi s e  extract ing 

o i l  from s ands tone re s ervo i r s  near sur face ( down to 2 0 0 ' ) . I t  
could b e  perhaps approached s imi larly to shale  o i l . 

COMPANY D :  
Deve lopment o f  c o s t-e f fective chemic a l s  ( sur fac tants and 

polymers ) for u s e  in h i gh-tempe rature (more than 1 6 0 ° F )  EOR 
appl ication s . 

COMPANY E : 
1 )  
2 )  
3 )  

4 )  

5 )  

COMPANY F :  
1 )  

2 )  

3 )  

4 )  

Completion method s  for hor i z onta l we l lbore s .  
D i rect mea surement o f  hydraul ic frac ture geometry . 
Improved methods o f  re servo i r  charac te r i z at ion between 
we l lbore s . 
Improved methods o f  predicti ng roc k / sur fac tant chem i c a l  
react ion . 
Improved ac i d  retardation for h i gh temperature , 
c arbonate rocks . 

More funds need to be ut i l i z ed in  o i l  recovery me thods . 
Thi s  ac t iv i ty needs to be channe led through j o int 
pro j ec ts with un iver s i t i e s  and indus try . 
Quanti tat ive mea surement o f  fluid f l owing behind 
we l l bore c a s ing ( hori zontal  and ver t i c a l  flow )  • 

Quant itative three pha s e  ( o i l , water , g a s ) me asurement 
o f  f l ow within the re servo i r  and boreho l e . 
We cons ider down hole e l emental analy s i s  o f the 
format ion and borehole fluids an important R & D  need . 

We cons ider mon i toring o f  therma l recovery operat ions u s i ng 
we l l  logging techniques (mu l t i phase flow with i n  r e s ervo i r  and 
behind we l lbore c a s ing ) as an important R&D  need . 
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Seal and mater i a l  d e s igns for in j ection and produc t ion . 
We cons i der mon itoring o f  co 2 flood operation s  us ing we l l  

logg ing techniques  (multiph a s e  flow with i n  the re s e rvoi r  and 
behind we l l bore c a s ing ) as an important R & D  need . 

Monito r ing o f  chemi cal flood operat ion s us ing we l l  logging 
techno logy : 

1 .  f l ow within reservo i r  and behind we l lbore c a s ing and 
2 .  down ho l e  e l ementa l 

COMPANY G :  
The re are no ma j or gap s in the k ind o f  r e search be ing under

taken . There may we l l  be areas o f  re s e arch that wou ld bene f i t  
from increa s ed empha s i s  in industr i a l  and un ive r s i ty l aborato r i e s  
( as oppo sed t o  a National Re s e arch I n s t i tute ) . An example wou ld 

be improved re s e rvo i r  de s c r iption through probab i l i s t i c  method s .  
However , such r e s e arch wi l l  be l arge ly irre levant in adding 
recoverable o i l  re serve s in North America  unt i l  s uch t ime as 
pub l i c  po l icy me asure s insure a sound e conomic b a s i s  for improved 
recovery pro j ects . 

a )  We cons ider the e f fec t o f  re servo i r  pre s s ure and 
produc ing we l l  bottomhole pre s s ure on mi s c ib l e  f l ood ing o i l 
re covery a s  an important R &D need . 

b )  We c ons ider re s ervo i r  cond i t ion r e l a t ive permeab i l i t i e s 
inc lud ing hys teresus  a s  an important R&D  need . 

COMPANY H :  
1 )  Nove l me thods o f  hydrocarbon exploration d e l e t ion . 
2 ) Hor i z onta l dri l l ing techno l ogy . 
3 )  Remote s e i smic technique s . 
4 )  Fracture orientat ion detection . 
We con s i de r  recognition o f  hydrocarbon paleo- empl ac ement 

and /or pas s through as an import ant R&D need . 
We con s ider c omputer i zed A / I  re cogn i t i on o f  paleo-depo s i 

tiona l environment s from log curve s ( inc lud ing d ipmeter ) a s  an 
impo rtant R&D need . 

Company H current focu s i s  on heat con servat ion , a l te rnat ive 
heat sourc e s , and optim i z ation of s team inj ec t ion a fter re sponse . 

COMPANY I :  
We c ons ider pe r formance o f  cro s s - l i nked polyme r s  in 

carbonate re s ervo i r s  a s  an important R&D need . 

COMPANY J :  
Adequate government support i s  needed through f i nanc i a l  

as s i s tanc e at the un ive r s i ty leve l and through t a x  incent ive s for 
promo ting add i t iona l corporate research . Liqu i d  loading in 
�ydrau l i c a l ly frac tured t i ght gas res ervo i r s  need s  R&D attent ion . 
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COMPANY K : 
1 )  Greater empha s i s  on the integration o f  geo logic and 

2 )  

3 )  
4 )  

res ervo i r  engineer ing concept s on EOR app l i c at ion . 
A greater empha s i s  on e f f ic ient energy uti l i z a t ion in 
the app l i c at ion of EOR techno logy , particu l arly in 
therma l EOR , with the goa l  o f  reduc ing c o s t s . 
Deve lopment o f  EOR techno logy for o f f shore locat ions . 
Deve lopment o f  co 2 re sourc e s  from var ious fue l s  ( e . g . , 
coal , natural gas r for incre ased ava i labi l ity in pr ime 
app l i c at i on areas . 

Integration o f  geo l og ic concepts wi th re servoi r  engineering 
conc epts for res ervo i r  character i z at ion and numeric a l  s imul at ion . 

1 )  Continued deve lopment o f  the oxygen-enriched in- s itu 

2 )  

COMPANY L :  

combu s t ion proce s s  
Deve lopment o f  the wet oxidation bo i le r  for produc ing 
s team from brackish waters 

Deep-water floating production and s torage sys tems . R & D  in 
thi s  area is particularly urgent a s  exploration i s  now in 
progr e s s  a t  water depth s in exce s s  of 3 , 0 0 0  fee t . 

Deep-water produc tion equipment , inc lud ing r i s e r s , sub s e a  
we l lhe ad s , sub s e a  b lowout preventers , and remote a c tuat ion 
contro l systems , mus t  be deve loped . The B ra z i l ians have 
p ioneered deve lopment o f  s ome deep-water systems , but much 
add i t iona l work i s  ne eded . 

S o l ids  contro l sys tems need improvement . The recent 
increase in the numbe r  of deep , high-pre s sure we l l s  in the Gu l f  
o f  Mexico and other are a s  has resulted in a s ub s tanti a l  increa s e  
i n  the c o s t  per we l l  for dri l l ing mud and exotic l o s t  c irculat ion 
mater i a l s . Gre at ly improved s o l ids contro l sys tems are needed to 
reduce dri l l ing fluids c o s t s , reduce dri l l ing t ime , and reduce 
the r i sk of ho le los s . 

Deep , high-pre s sure we l l s  with heavy c a s ing too l s  are 
pl ac ing new demands on individual dri l l ing r i g  c omponents , 
particular ly the trave l ing a s s emb l i e s , wire rope , rotary dr ive 
sys tems , and mud pumps . In many areas , the demands pl aced on the 
equipment are reaching the phys ical  l imits  s e t  by AP I as 
s tandards for manufacturers . 

In order to mee t  the increased demands p laced on r i g  
components , more r i gorous manu fac tur ing s t andard s a r e  ne eded . I n  
add i t ion , component certi f icat ion i s  nece s s ary in order to trace 
the h i s tory of s pec i fic components through the manu factur ing 
s equence from raw mate r i a l  to fini shed produc t .  European 
standard s may be s tudied to provide gui de l ine s . 

I t  should be noted that R&D on dr i l l ing and produc t i on 
techn ique s and too l s , ins truments , equ ipme nt , and components h a s  
virtual ly s topped a s  mos t  o i l  fie ld s ervice a n d  supply compan i e s  
experienced ma s s ive f inanc i a l  lo s s e s  over the past  3 to 5 years . 
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The re sumption o f  me aningful R&D wi l l  not be po s s ib l e  unt i l  
e conomic condi t ions improve sub s tant i a l l y  and the s ervice and 
supp ly comp an i e s  return to p ro f i table operat ion . 

COMPANY M :  
The items l i s te d  be low are probab ly a l l  rece iving current 

attention , but shou ld rece ive more : 

1 )  More emphas i s  on computer-as s i s ted expert s y s tems to 
be tter manage , mani pulate , interpo l ate , and extrapo l ate 
data ; 

2 )  More emphas i s  on me thods o f  re lating and connec t ing the 
d i f ferent attr ibute s of mu l t i d imens ional data ( i . e . , 
engineer ing , geo logy , geophys i c s , petrophys i c s , e tc . )  
in a common data base ( framework ) ;  

3 )  We ttabi l i ty a l terat ion for the enhanc ed mob i l i z at ion o f  
o i l ;  and 

4 )  Formul ate h i ghly structured ( compo s it iona l l y  h i gh 
s trength ) foams for mobi l i ty contro l and g a s  shut-o f f . 

COMPANY N :  
Laboratory & fie ld te s ts o f  EOR proce s s e s 
Re s ervo i r  charac ter i z at i on methods 
Hor i z onta l dr i l l ing te chno logy 
Ge l s  for pe rmeabi l i ty mod i f icat ion 
Foams for mob i l ity contro l 
Low ten s ion po lyme r f looding 
Re s ervo i r  charac te r i z a t ion 

COMPANY 0 :  
I ntegrated appro ach to res ervo i r  charac te r i z a t ion & de s c r ip

tion ( mul tidi s c ipl inary approach , c ompr i s ing geo logi s t s , geo 
phys i c i s ts , r e servo i r  enginee r s  and s ta t i s t i c ians /mathema t i c i an s ) 

COMPANY P :  
O i l  and gas recovery rese arch i s  s trong ly t ied to c urrent 

pred icted future oil price s . More con s iderat ion shou ld be g iven 
to ava i lab le dome s ti c  o i l  supply and sourc e s  of future dome s t ic 
o i l  suppl i e s . Chemica l  o i l  recovery re s earch h a s  decre a s ed 
dras t i c a l ly in the pa s t  2 - 3 years . The indu s try and government 
e f forts have decre a s e d  be low what is needed for c r i ti c a l  ma s s  to 
ma intain th i s  activity wh ich will be an important future 
techno logy for c rude o i l  recovery in the Un i ted State s . Re covery 
o f o i l  from shale and l ique faction o f  coa l wi l l  a l s o  be impo rtant 
for future u . s .  o i l  suppl i e s . Government and indu s try r e s e arch 
in thi s  are a is  a lmo s t  nonexi s tent . Ther e  are s t i l l  i so lated 
group s in ac ademi c s work ing in the s e  two areas , but in gene r a l  
they a r e  s truggl ing t o  obtain s u f f i c ient funds t o  c arry on thi s  
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work that may be c r i t ic a l  for future s uppl i e s  o f  hydroc arbo n s  in  
the u . s . 

We cons ider means for improving vo lumetric sweep con formance 
as  an important R&D need . 

We cons ider mathematical  de s c r iption o f  hydrocarbon pha s e  
behavior i n  the pre s ence o f  s team a s  a n  important R & D  need . 

COMPANY Q :  
R&D  re lated activi t i e s  important to future o i l  and gas  

recovery techno l ogy tha t  is  not be ing cons idered by current 
programs . 

Enhanced O i l  Rec overy 
-We l lbore heat los s control 
- Downhole generat ion of heat 
-Cos t e f fect i ve downhole s a fety sys tems for we l l bore c ontro l 

in gas inj ect ion sys tems 
-Downhole corros ion contro l sys tems 
- I n j ection pro f i l e  contro l for steam or mi sc ib l e  g a s  

Wire l i ne S e rvice s 
-Open Ho le 

Deep inve s t i gat ing ins trumentation for frac ture 
detec tion , poro s ity and direct permeab i l i ty 
me as urements 

-Cased Hole 
Deep i nve s t igat ing ins trumentation for through-p ipe 
app l i c at ions 
Ca sed hole re s i s tivity measurements 

S e i smic Service s 
- I nve s t i gate the contr ibution o f  s e i smic techno logy i n  

moni tor ing enhanced recovery operation s . Such work i s  
conducted in Canada under Ao s tr a  funding for heavy o i l  
mi s c ible / immi s c ible flood s and WAG pro j ects . Wider 
acceptance of th i s  techno logy in the Uni ted S t a te s  may be 
contingent upon the ini t i at i on of a h igh pro f i le 
demon s trat ion pro j ec t  conduc ted with federal  funding . 

COMPANY R : 
Re s e arch r e l ated to o i l  and gas recovery i s  now conducted by 

o i l  compan i e s , government l aborator i e s , univer s i t i e s , and by 
cooperative re s e arch pro j ects . Al l the s e  e f forts c ombine to 
cover the indu s try ' s  needs . 

No new re se arch organ i z at ions are needed . 
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COMPANY S :  
Remote sens ing . 
Sur face geochem i s try . 

COMPANY T :  
We cons ider very l i ttle or noth ing i s  not c overed by current 

indus try , government , or ac ademic e f fort . By th i s , we do not 
mean that a l l  is so lved , but a s tart has been made on a l l  
s igni ficant avenue s that we are aware o f . Re s ervo ir sweep i s  one 
of the ma j or que s t ions wh ich needs further advancement i n  the 
immedi ate future . 

COMPANY U :  
1 .  

2 .  

3 .  

4 .  

5 .  
6 .  

7 .  

8 .  

9 .  

1 0 . 

1 1 .  
1 2 . 

COMPANY V :  

Fundament a l  under s tand ing o f  two and three pha s e  flow 
in porous med i a , inc luding the e f fec t s  o f  capi l l ary 
number , wettab i l ity , rock pore s truc ture , etc . 
Proper s c a l ing from l abora.tory re s u l t s  to f ie ld 
results , inc lud ing the e f fec ts o f  heterogene i t i e s  at 
a l l  l ength s c a l e s . 
Optimum te s t s  and data for reservo i r  d e s c r ipt ion and 
how opt imum var i e s  with recovery me thod . 
Res earch on e f f ic ie nt , state - o f - the - ar t  nume r i c a l  
methods for f a s ter , more accurate s imulations . 
Gas  foams . 
Determin ing more about the chemic a l  c ompo s i t ion o f  
hydroc arbons .  
Determin ing more and corre lat ing prope r t i e s  o f  
hydroc arbons ( such a s  PVT and thermodynamic 
properti e s ) . 
Determin ing more about the chemic a l  and / o r  phys i c a l  
compo s i t ion o f  natur a l ly occur ing roc k s  and s o i l s  
( inc luding re servo i r  rock ) . 

Correcting o f  properties ( such a s  me chani c a l  and 
thermodynamic ) of natural rocks and s o i l s . 
Deve lopment o f  boreho le - to-boreho le tomogr aph i c  
measurement technique s for deta i led re s ervo i r  
de l ineation for guid ing deve lopment and mon i tor ing 
produc t ion . ( Th i s  could inc lude s e i smic , e l e c tr i c a l , 
and other techno logie s . )  
Foam f low mechan i sms for s te amflooding app l i c a t ions . 
Deve lopment o f  in- s i tu core me a s urement techniqu e s  for 
de termining loc a l  poros ity , s a tur ation , and pha s e  
concentration s  a l l  the way t o  pore leve l 
d i s c r imination . 

EOR i s  a R&D re lated ac tivity con s idered important . 
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PART I I  

O I L  AND GAS RE S EARCH AND DEVELOPMENT ACT IVI TY LEVELS ,  1 9 7 5 - 1 9 8 8  
* 

TABLE I I - 1  Aggregate Research and Development Expenditures i n  Mi llions o f  Dollars 

Companies Providing Complete Data Al l Com-

1975 1980 1981 1982 1983 1984 1985 1986 1987 1988 panies , 1988 

EOR - Chemical 10. 88 16. 71 2 4 . 88 43. 3 1  3 7. 78 66. 06 49. 85 40. 39 27. 78 2 5 . 10 2 5 . 50 

EOR - Miscible Gas 3 . 2 6 1 1 . 40 16. 76 1 7 . 44 20. 42  3 1 . 15 29. 03 2 8 . 09 2 5 . 3 4  2 5 . 9 1  26. 0 1  

EOR - Thermal 9 . 59 13 . 75 2 4 . 7 2  3 8 . 73 30. 4 2  2 5 . 12  2 1 . 52  1 4 . 6 0  1 3 . 48 1 4 . 25 14 . 55 

Reservoir 

Characterization 1 7 . 83 44 . 5 1  6 1 . 1 1  7 1 . 84 78 . 82 89. 05 99. 2 5  90. 5 7  83 . 55 8 7 . 2 3  2 09 . 43 

Other Production 

Research and 

Development 7 7 . 93 158 . 00 194 . 5 7  2 26 . 1 2  2 28 . 1 1 247 . 29 259 . 24 2 2 2 . 8 7  230. 06 2 5 1 . 72 2 99 . 1 2  

Exploration 55 . 04 139 . 10 191 . 96 209. 7 7  2 1 9 . 73 2 2 7 . 09 245. 29 197 . 07 201 . 48 205 . 38 236 . 48 

TOTAL R&D 1 74 . 5 3  383 . 4 7 5 14 . 00 607 . 2 1  615. 28 685 . 76 704 . 18 593 . 59 58 1 . 6 9  609 . 59 N/A 

TOTAL for 

All Companies 209. 73 484 . 8 7 649 . 20 7 72 . 4 1  796 . 08 881 . 96 93 2 . 38 852 . 99 780 . 4 9  N /A 8 11 . 09 

* 
Not al l 38 companies were able to provide data for all of the past years or to break their activit ies into the six 

categories . In order to make consistent comparison between years and categories , only complete responses are aggregated 

in the body of the table . Al l 38 respondents are included in the perimeter totals . 
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TABLE I I - 2  

1975 1980 

EOR - Chemical 169 . 90 185 . 26 

EOR - Miscible Gas 4 5 . 80 103 . 50 

EOR - Thermal 54. 90 102 . 50 

Reservoir 

Characteriz ation 2 8 5 . 90 510 . 20 

Other Production 

Research and 
Development 1 469 . 20 244 7 . 20 

Exploration 9 18 . 80 1548 . 20 

TOTAL R&D 2 944 . 50 4896 . 86 

TOTAL for 

All Companies 3570. 90 6153 . 66 

* 

Aggregate Research and Development Activity Levels in Man-Years 

Com2anies Providin� Com2lete Data 

1981 1982 1983 1984 1985 1986 1987 

208 . 90 250. 40 249 . 10 2 7 1 . 20 280. 80 233 . 50 153 . 85 

100 . 80 1 13 . 80 129. 2 0  169. 70 162 . 90 163 . 30 160 . 2 0  

120. 50 150. 20 143. 80 144. 10 147. 80 1 1 3 . 20 101 . 20 

6 2 7 . 70 76 1 . 30 820 . 70 882 . 10 93 1. 2 0  89 1 . 20 754 . 10 

2 58 2 . 30 2 7 2 8 . 00 2609 . 10 2 50 1 . 30 2 74 1 . 10 2456 . 30 2417. 70 

1785 . 70 189 2 . 70 181 7 . 10 1774. 00 1766 . 70 1405 . 80 13 8 1 . 40 

5425. 90 5896 . 40 576 9 . 00 5 74 2 . 40 6030. 50 5263 . 30 4968 . 45 

6 888 . 30 7489 . 90 7459. 50 7580. 30 7817. 60 7 12 2 . 40 646 3 . 35 

* 

1988 

142 . 80 

1 7 2 . 30 

100 . 60 

74 1 . 20 

2519. 40 

133 8 . 00 

5014 . 30 

N/A 

Al l Com-

2anies , 1988 

146 . 80 

1 74 . 00 

101. 70 

164 2 . 3 0  

2868. 60 

1555 . 20 

N/A 

6488. 60 

Not all 3 8  compan ies were able to provide data for all of the past years or to break their activities into the six 

cagetories . In order to make consistent comparison between years and categories , only complete responses are aggregated 

in the body of the table . All 38 respondents are included in the perimeter totals . 



PART I I I  

AS S E S SMENT OF CURRENT GEOSCI ENCE RE SEARCH 

NUMBER OF RESPONDENTS : 3 8  

AREA : GEOLOGY 

Very Import ant 

Somewhat U s e fu l  

N o  S i gni f ic ant Impac t 

AREA : GEOCHEMI STRY 

Very Import ant 

Somewhat Use fu l  

N o  S i gni f i c ant Impact 

AREA : GEOPHY S I CS 

Very Import ant 

Somewhat U s e fu l  

N o  S i gn i f ic ant Impact 

Number o f  
Compan i e s  

Yes No 

4 2 %  2 9 %  

8 %  8 %  

0 %  1 3 %  

3 9 %  0 %  

1 1 %  2 1 % 

0 %  2 9 %  

4 7 %  2 6 %  

5 %  5 %  

3 %  1 3 %  

D- 1 0  

Dome s t i c  
Produc t ion 

Yes No 

7 4 %  9 %  

8 %  9 %  

0 %  0 %  

7 5 %  0 %  

8 %  1 5 %  

0 %  2 %  

8 5 %  8 %  

7 %  0 %  

0 %  0 %  

Res earch 
Do l l ar s  

Y e s  N o  

8 5 %  0 %  

8 %  2 %  

0 %  5 %  

9 1 %  0 %  

2 %  2 %  

0 %  5 %  

8 7 %  0 %  

1 %  0 %  

6 %  5 %  



I I I - 1  GEOLOGY 

1 .  C la s t i c  and Carbonat e Facies  

1 . a  S equenc e ana lys i s : 

Act ive Program 

Y e s  

N o  

1 . b  Geo s t at i s t i c a l  analys i s : 

Act ive Program 

Yes 

No 

Perc ent of Re s pondent s 
Prior i ty 

H igh Medium Low 

5 8 %  2 1 % 5 %  

5 %  5 %  5 %  

Percent o f  Re spondent s 
Priority 

H igh Med ium Low 

2 6 %  2 6 % 1 1 %  

0 %  5 %  3 2 % 

1 . c  D eve lopment o f  modern and anc i ent analogs : 

Act ive Program 

Ye s 

No 

2 .  Fault  and Frac t ure Charac t eri z a t ion 

Per cent of Re spondent s 
Pr ior i t y  

H igh Medium Low 

4 2 % 2 6 %  5 %  

5 %  1 1 % 1 1 %  

2 . a As ma j or condui t s  for migrat i on o f  petroleum : 

Act ive Program 

Y e s  

No 
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Percent o f  Re spond ent s 
P r i o r i t y  

H igh Med i um Low 

4 2 %  2 1 %  0 %  

0 %  1 1 %  2 6 %  



I I I - 1  GEOLOGY ( cont inued ) 

2 . b I n  relat i onship t o  c onvent i onal res ervoi r  propert i e s  
( permeab i l i t y  and poro s i t y )  for cont ro l l ing fluid f l ow : 

Ac t ive Program 

Ye s 

No 

Perc ent o f  Re s pondent s 
Prior i ty 

H i gh Medium Low 

4 7 %  2 1 % 5 %  

5 %  1 1 % 1 1 %  

2 . c  Mathemat i c a l  mode l s  int egrat i ng frac ture network s w i t h  
re servo i r  propert i e s : 

Act ive Program 

3 .  Re s e rvo ir S t ud i e s  

Yes  

No 

Percent o f  Re spondent s 
P r i or i t y  

H i gh Med ium Low 

2 6 %  2 1 %  5 %  

5 %  2 6 %  1 6 %  

3 . a Therma l and hydrodynamic h i s t ory o f  b a s i n s : 

Ac t ive Program 

Y e s  

No 

Percent o f  Re s pond ent s 
Priority 

H i gh M ed i um Low 

5 3 %  1 1 %  5 %  

5 %  1 6 %  1 1 %  

3 . b Re lat i onship between geolog i c  var i ab l e s  and f l u i d  f l ow :  

Ac t ive Program 

Yes 

No 
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Percent o f  Res pond ent s 
P r i or i ty 

H i gh Med i um Low 

4 2 %  2 1 %  0 %  

1 1 %  1 1 %  1 6 %  



I I I - 1  GEOLOGY { cont inued ) 

3 . c Re lat i onship between pr imary poro s i t y  and permeabi l i t y  
t o  secondary pa t t erns o f  d i agene s i s  a n d  fractur ing : 

Act ive Program 

Y e s  

No 

3 . d  Rock phy s i c s  and chemi s t ry : 

Act ive Program 

Y e s  

No 

4 .  Comp lex S t ruc ture Ana ly s i s  

Percent o f  Res pond ent s 
Prior i t y  

H i gh Medium Low 

6 3 %  1 6 %  0 %  

5 %  1 6 %  0 %  

Percent o f  Re s pondent s 
P r i or i t y  

H igh Med ium Low 

2 1 % 3 2 %  5 %  

5 %  2 6 %  1 1 % 

4 . a Deve lopment o f  new geologic t echnique s :  

Ac t ive Program 

Ye s 

No 

D- 1 3  

Percent o f  Re s pondent s 
Prior i t y  

H i gh Med i um  Low 

4 7 %  

0 %  

1 1 %  

2 6 %  

5 %  

1 1 % 



I I I - 2  GEOCHEM I STRY 

1 .  Re s ervo ir S tud i e s  

1 . a Geochemic a l  s tudi e s  re lated t o  compo s i t i ona l change s o f  
rocks through t ime : 

Act ive Program 

Y e s  

N o  

Percent o f  Re s pondent s 
P r i or i t y  

H i gh Med ium Low 

4 2 %  1 6 % 1 6 %  

0 %  2 1 %  5 %  

1 . b Chemi c a l  reac t ions re lated t o  fluid- rock or fluid- rock 
inter face s : 

Ac t ive Program 

Y e s  

No 

2 .  Petro leum Geochemi s t ry 

2 . a Corre l a t i on o f  o i l  and gas : 

Act ive Program 

Ye s 

No 

2 . b Recogn i t ion of s ource rock : 

Act ive Program 

Yes 

No 

D- 1 4 

Percent o f  Re s pondent s 
P r i o r i t y  

H i gh Med ium Low 

3 2 %  3 7 %  0 %  

1 1 %  1 1 %  1 1 %  

Perc ent o f  Re s pondent s 
Pr i or i ty 

H i gh Med i um Low 

5 3 %  2 6 %  0 %  

5 %  1 1 %  5 %  

Percent o f  Re spond ent s 
P r i o r i t y  

H i gh Medium Low 

5 8 %  1 6 %  5 %  

1 1 %  5 %  5 %  



I I I - 2  GEOCHEM I S TRY ( cont inued ) 

2 . c Pred i c t i on o f  hydroc arbon accumulat ions : 

Ac t ive Program 

Yes 

No 

I I I - 3  GEOPHYSICS 

Percent of  Re s pond ent s 
P r i o r i t y  

H i gh Med ium Low 

6 3 % 5 %  0 %  

2 6 %  0 %  5 %  

1 .  S e i smic Ident i f ic a t ion o f  Re s ervo i r  Prope r t i e s  and S t ructural 
Feat ure s 

1 . a 3 -D t e chnique s : 

Act ive Progr am 

Y e s  

No 

1 . b Vert ical s e i smic pro f i l e s : 

Ac t ive P rogram 

Yes  

No 

1 . c s -wave s : 

Act ive Progr am 

Yes  

No 

D- 1 5  

Percent o f  Re spondent s 
P r i o r i t y  

H i gh Med ium Low 

4 8 %  1 4 %  1 0 %  

5 %  1 0 %  1 4 % 

Percent o f  Respondent s 
P r i or i ty 

H i gh Medium Low 

2 9 % 1 9 % 1 4 %  

5 %  1 9 %  1 4 %  

P ercent o f  Re s pondent s 
P r i o r i t y  

H i gh Med ium Low 

2 4 %  2 9 % 1 0 %  

5 %  1 0 %  2 4 %  



I I I - 3  GEOPHY S I C S  ( c ont inued ) 

1 . d S e i smic t omography : 

Act ive Program 

Yes  

No 

1 . e S e i smi c mode l i ng : 

Act ive Program 

Ye s 

No 

1 . f  F rac ture ident i fi cat i on : 

Act ive Program 

Yes  

No 

Percent of Respo nd ent s 
Pr i o r i t y  

H i gh Medium L ow 

3 8 %  1 4 %  1 0 %  

0 %  1 0 %  2 9 %  

Percent o f  Re s pondent s 
Pr ior i ty 

H igh Med ium Low 

3 3 %  3 8 %  1 0 %  

0 %  1 0 %  1 0 % 

Percent o f  Re s po nd ent s 
P r i or i ty 

H igh Med ium Low 

3 3 % 2 9 %  5 %  

5 %  1 0 %  1 9 %  

1 . g S e i sm i c  det erminat i on o f  l i tho logy : 

Act ive Program 

Yes  

No 

D- 1 6  

Perc ent o f  Re s pondent s 
P r i or i ty 

H igh Med ium Low 

5 7 %  1 4 %  1 0 %  

5 %  5 %  1 0 % 



I I I - 3  GEOPHYS I CS ( cont inued ) 

1 . h S e i smic d et erminat ion o f  fluid cont ent : 

Act ive Program 

Yes  

No 

Percent o f  Re spondent s 
P r i o r i t y  

H i gh Med i um  Low 

5 7 %  1 4 %  5 %  

0 % 1 0 %  1 4 % 

2 .  Deve lopment o f  Geologic Model ing Technique s 

2 . a Comput e r / phy s i c a l  2 -D mode l ing : 

Act ive Program 

Yes 

No 

2 . b Comput er / phys i c a l  3 - D  mode l i ng : 

Act ive Program 

Yes  

No 

Percent o f  Re s pondent s 
P r i o r i ty 

H i gh Med i um  Low 

5 2 % 1 4 %  5 %  

5 %  0 %  2 4 %  

Percent o f  Re s pondent s 
P r i or i ty 

H i gh Med i um Low 

4 8 %  2 4 %  5 %  

5 %  1 0 %  1 0 %  

2 . c  Integrat i on o f  geo logi c , geophys i c a l , and geochemi c a l  
data : 

Act ive Program 

Yes 

No 

D - 1 7  

Perc ent o f  Re spondent s 
P r i or i ty 

H i gh Med i um Low 

6 7 %  1 4 %  1 4 %  

5 %  0 %  0 %  



I I I - 3  GEOPHYS I C S  ( cont inued ) 

3 .  Wel l  Logging 

3 . a  Loggi ng tool development : 

Act ive Program 

Yes  

No  

Percent o f  Re s pondent s 
P r i o r i ty 

H igh Med ium Low 

1 4 %  

1 0 %  

1 9 %  

5 %  

1 9 % 

3 3 %  

3 . b Technique s for ident i f icat ion o f  res ervo ir propert i e s : 

Act ive Program 

Yes  

No 

Percent of Res pondent s 
Pr ior i t y  

H igh Med ium Low 

6 2 % 1 0 %  5 %  

1 4 % 5 %  5 %  

3 . c Technique s t o  examine behi nd we l l  cas i ng : 

Act ive Program 

Ye s 

No 

3 . d Deep i nve s t i gat i on t echniques :  

Act ive Program 

Yes 

No 

D - 1 8 

Percent o f  Re s pondent s 
P r i o r i t y  

H i gh Med ium L ow 

2 9 %  

1 0 %  

1 4 %  

3 3 %  

0 %  

1 4 %  

Percent o f  Res pondent s 
P r i or i t y  

H i gh Medium Low 

2 4 % 1 9 %  0 %  

0 %  4 3 %  1 4 %  



I I I - 3  GEOPHYS ICS ( cont inued ) 

3 . e Me asurement whi le dr i l l ing (MWD ) : 

Act ive Program 

Yes 

No 

Percent o f  Re spondent s 
P r i or i t y  

H i gh Med ium Low 

5 %  

1 9 %  

1 9 % 

1 9 %  

1 4 %  

2 4 %  

4 .  S e i smic D a t a  Qua l i t y  ( E nhanced Re s o lut i on ) 

4 . a Improved d at a  gathering t oo l s  and t e chniques : 

Ac t ive Program 

Yes 

No 

4 . b Dat a  proc e s s i ng 

Ac t ive Program 

Yes 

No 

D- 1 9  

Percent o f  Res ponde nt s 
P r i or ity 

H i gh Med ium Low 

5 2 %  

5 %  

1 4 %  

1 0 %  

1 4 %  

5 %  

Percent o f  Re spond ent s 
Priority 

H i gh Med ium Low 

5 7 %  1 9 %  1 4 %  

0 %  5 %  5 %  



PART IV 

AS S E S SMENT OF CURRENT EOR RE SEARCH 

NUMBER OF RE SPONDENTS : 3 8  

AREA : THERMAL RECOVERY 

Very Import ant 

Somewhat U s e ful 

No S i gni f ic ant Impac t 

AREA : MISCIBLE FLOODING 

Very Import ant 

Somewhat U s e ful 

No S i gni fic ant Impac t 

AREA : CHEMI CAL FLOOD ING 

Very Import ant 

Somewha t  Us e fu l  

No S igni f i c ant Impac t 

Number o f  
Compan i e s  

Yes 

3 2 %  

5 %  

3 %  

3 4 %  

8 %  

0 %  

1 3 %  

2 6 %  

3 %  

No 

3 %  

5 %  

5 3 %  

1 6 %  

2 1 %  

2 1 %  

3 %  

2 9 %  

2 6 %  

D- 2 0  

Dome s t i c  
Produc t ion 

Yes No 

6 9 % 2 %  

3 %  0 %  

1 0 %  1 5 %  

8 4 %  4 %  

4 %  7 %  

0 %  1 %  

1 5 %  1 %  

6 5 %  9 %  

7 %  4 %  

Re s earch 
Do l l ars  

Y e s  

5 7 %  

7 %  

4 %  

5 7 %  

8 %  

0 %  

6 %  

5 3 %  

5 %  

No 

0 %  

2 3 %  

9 %  

2 9 %  

1 %  

5 %  

0 %  

2 4 %  

1 1 %  



IV- 1 THERMAL RE COVERY 

1 .  I n j ect ant S y s t ems 

1 . a  Downhole s t e am gener a t i on : 

Act ive Program 

Yes  

No 

1 . b Cogener at ion : 

Act ive Program 

Y e s  

No 

Percent o f  Re s pondent s 
Prior i t y  

H igh Medium Low 

0 %  0 %  0 %  

7 %  7 %  8 7 % 

Percent o f  Respond ent s 
P r i o r i t y  

H i gh Med ium Low 

1 3 %  2 7 %  0 %  

1 3 %  1 3 %  3 3 %  

1 . c I n  s i tu c ombust i on wi t h  oxygen-enr i ched a i r : 

Act ive Program 

2 .  Proce s s  Me chani sms 

Yes  

No  

2 . a Mob i l i t y  c ont rol : 

Act i ve Program 

Y e s  

No 

D- 2 1  

Percent o f  Res pondent s 
P r ior ity 

H i gh Med ium Low 

0 %  4 0 %  0 %  

7 %  7 %  4 7 %  

P ercent o f  Re s pondent s 
P r i o r i t y  

H igh Med ium Low 

2 0 %  4 0 %  0 %  

1 3 %  1 3 %  1 3 % 



IV- 1 THERMAL RECOVERY ( cont inued ) 

2 . b Noncondens ible gas inj e c t ion with s t eam :  

Ac t ive Program 

Yes 

No 

2 . c  Light o i l  s t e amflood ing : 

Act ive Program 

Yes 

No 

Perc ent of  Res pondent s 
Prior i t y  

H i gh Med i um Low 

7 %  7 %  1 3 % 

7 %  1 3 %  5 3 %  

Percent o f  Re spondent s 
P r i o r i t y  

H i gh Med ium L ow 

7 %  2 0 %  0 %  

0 %  1 3 %  6 0 %  

2 . d Hydraul i c  fractur ing ( improved unde r s t and ing o f  
geochemi c a l  e f fect s )  

Act ive Program 

Yes 

No 

3 .  Proj e c t  De s i gn and Analy s i s  

3 . a Pos t - s t e am wat e r f l ooding : 

Act ive Program 

Yes  

No  

D- 2 2  

Percent o f  Re s pondent s 
Priority 

High Medium Low 

2 7 %  2 0 %  0 %  

7 %  0 %  4 7 %  

Percent o f  Re s pondent s 
P r i or i ty 

H igh Med i um Low 

7 %  1 3 %  7 %  

7 %  2 7 %  4 0 %  



IV- 1 THERMAL RECOVERY ( cont inued ) 

3 . b We llbore heat l o s s : 

Act ive Program 

Yes  

No 

3 . c Fluid i zed bed combus t i on :  

Act ive Program 

Yes 

No 

IV- 2 MISCIBLE FLOOD ING 

1 .  I n j e c t ant S y s t ems 

1 . a  co2 product ion te chnology : 

Ac t ive Program 

2 .  Proce s s  Mechani sms 

Yes 

No 

2 . a Mob i l i t y  cont rol : 

Act ive Program 

Yes 

No 

D- 2 3  

Percent o f  Re s pondent s 
P r i o r i t y  

H i gh Med i um Low 

2 0 %  2 7 %  7 %  

1 3 %  1 3 %  2 0 % 

Percen t  o f  Res po nd ent s 
Priori ty 

H i gh Med ium Low 

0 %  0 %  0 %  

7 %  0 %  9 3 %  

Percent o f  Res pondent s 
P r i o r i t y  

H i gh Med ium Low 

1 3 %  6 %  0 %  

6 %  2 5 %  5 0 %  

Perc ent o f  Re s pondent s 
P r i or i ty 

H igh Med ium Low 

6 3 % 1 3 %  0 %  

0 % 1 9 %  6 %  



IV- 2 M I S C I BLE FLOOD ING ( cont i nued ) 

2 . b Mi s c ib l e  n i t rogen fl ooding : 

Ac t ive Program 

Yes  

No 

2 . c  Immi sc ible co2 flood ing : 

Act ive Program 

Yes 

No 

P ercent of Re s pondent s 
P r i o r i ty 

H i gh Med ium Low 

0 %  2 5 %  6 %  

0 %  6 %  6 3 %  

Percent o f  Res pondent s 
P r i or i ty 

H i gh Medium Low 

1 9 %  1 9 %  6 %  

6 %  6 %  4 4 %  

2 . d  F l uid-rock i nt eract ions (we t t abi l i ty wat er b l ock ing , 
e t c . )  

Act ive Program 

Ye s 

No 

3 .  Proce s s  Des ign and Analy s i s  

Percent o f  Re s pondent s 
P r i o r i t y  

H i gh Medium Low 

4 4 %  1 9 %  0 %  

0 %  1 9 %  1 9 % 

3 . a Minimum mi s c ib i l i ty pre s s ure pred i c t ion method s : 

Ac t ive Program 

Yes 

No 

D- 2 4  

Percent o f  Re s pondent s 
Priority 

High Med ium Low 

1 9 % 3 8 %  0 %  

0 %  6 %  3 8 %  



IV- 2 MISCIBLE FLOODING ( c ont inued ) 

3 . b Ph ase behavior charac t e r i z at ion : 

Act ive Program 

Yes 

No 

Percent o f  Re s pondent s 
Prior i t y  

H igh Med i um L ow 

5 0 %  1 3 %  0 %  

0 %  1 3 %  2 5 %  

3 . c  Proc e s s  s imul a t ion capabi l i t y  for f i e ld- s c a l e  
appl i c at ion : 

Act ive Program 

Ye s 

No 

Percent o f  Re spondent s 
Pr i o r i ty 

H igh Med ium L ow 

6 3 %  6 %  0 %  

6 %  1 9 %  6 %  

3 . d Produced co 2 proce s s ing fac i l i t i es : 

Ac t ive Program 

Yes 

No 

3 . e  WAG proc e s s  opt imi z at ion : 

Act ive Program 

Yes  

No  

D- 2 5  

Per cent o f  Re s pond ent s 
P r i o r i ty 

High Medium Low 

1 3 %  1 9 %  0 %  

1 3 %  3 1 %  2 5 % 

Percent o f  Respond ent s 
P r i o r i t y  

H igh Med ium Low 

6 3 %  

0 %  

6 %  

1 3 %  

1 3 %  

6 %  



IV- 3 CHEMI CAL FLOOD ING 

1 .  I n j ect ant S y s t ems 

1 . a Tempe rature - i n s en s i t ive sur fact ant s :  

Act ive Progr am 

Ye s 

No 

Percent of Re s pondent s 
P r i or i ty 

H i gh Med ium Low 

1 9 %  1 3 %  0 % 

6 %  1 3 %  5 0 %  

1 . b S a l i n i ty- insens i t ive sur fact ant s :  

Act ive Program 

Ye s 

No 

Percent of Re spondent s 
P r i or i ty 

H i gh Med ium Low 

2 5 %  6 %  0 %  

1 3 %  1 9 %  3 8 %  

1 . c  Surfac t ant s for high- t emperature , h i gh- s a l i n i t y  
re s ervoi r s : 

Ac t ive Progr am 

Ye s 

No 

Percent of Re s pondent s 
Pr i or i ty 

H i gh Med i um Low 

2 5 %  6 %  0 %  

6 %  1 3 %  5 0 %  

1 . d Surfac t ant s for low- t emperature , h i gh- s a l i n i t y  
reservo i rs : 

Ac t ive Program 

Ye s 

No 

D- 2 6  

Percent o f  Re s pondent s 
P r i o r i t y  

H i gh Medium Low 

1 3 %  1 3 %  6 %  

6 %  1 9 %  4 4 %  



IV- 3 CHEMICAL FLOODING ( cont inued ) 

1 . e Surfact ant s for h igh- t emperature , low- s a l i n i t y  
re servoi r s : 

Ac t ive Program 

Ye s 

No 

1 . f  Lower-cost  sur fac t ant s : 

Act ive Program 

Yes  

No 

1 . g  More - e ffect ive surfact ant s : 

Ac t ive P rogram 

Ye s 

No 

Percent of Re spondent s 
P r i or i ty 

H i gh Med ium Low 

2 5 %  0 %  0 %  

0 %  1 9 %  5 6 %  

Percent o f  Re spondent s 
Prior i t y  

H i gh Med i um Low 

4 4 %  6 %  0 %  

6 %  6 %  3 8 %  

Percent o f  Re s pondent s 
Prior i ty 

H i gh Med ium Low 

4 4 % 6 %  0 %  

1 3 %  6 %  3 1 % 

1 . h Sur f ac tant s for use in carbona t e  re s e rvoi r s : 

Act ive Program 

Y e s  

No 

D- 2 7  

Percent o f  Re s pond ent s 
Pr i o r i t y  

H igh Med ium Low 

1 9 %  6 %  0 %  

1 3 %  1 3 %  5 0 %  



IV- 3 CHEMI CAL FLOODING ( cont inued ) 

1 . i Therma l l y- s t ab l e  polymers : 

Act ive Program 

Ye s 

No 

1 . j  Lower- c o s t  polymers : 

Act ive Program 

Ye s 

No 

l . k  More - e f fect ive polymers :  

Act ive Program 

Y e s  

No 

Percent of Respondent s 
P r ior i t y  

H i gh Med ium L ow 

2 5 %  1 3 %  0 %  

1 9 %  1 9 %  2 5 %  

P ercent o f  Re spondent s 
P r i or i t y  

H igh Medium Low 

2 5 %  0 %  0 %  

6 %  4 4 %  2 5 %  

Percent o f  Res pondent s 
P r i or i ty 

H igh Med i um  Low 

3 8 %  6 %  0 %  

1 3 %  2 5 %  1 9 % 

1 . 1  Polymer s  for l ower-permeab i l i t y  format ions : 

Ac t ive Program 

Yes  

No  

D- 2 8  

Percent o f  Re s pondent s 
P r i o r i t y  

H igh Med ium Low 

0 %  1 9 %  0 %  

6 %  1 9 %  5 6 %  



IV- 3 CHEMICAL FLOOD ING ( cont inued ) 

1 . m Therma l s t ab i l i z er s  for polyme r s : 

Ac t ive Program 

Yes 

No 

Percent o f  Re s pondent s 
Prior i t y  

H i gh Med ium Low 

6 %  6 %  0 %  

0 %  3 1 %  5 6 %  

1 . n Polymers hav i ng improved inj ect ivity charac t e r i s t i c s : 

Ac t ive Program 

2 .  Proc e s s  Mechani sms 

Yes  

No 

2 . a Reduced sur fact ant ads orpt ion : 

Act ive Program 

Y e s  

N o  

Percent o f  Re s pondent s 
Prior i t y  

H i gh Med i um  Low 

1 9 %  0 %  6 %  

6 %  3 1 %  3 8 %  

Percent o f  Re s pond ent s 
Priority 

H i gh Med ium Low 

4 4 %  1 3 %  0 %  

1 3 %  6 %  2 5 %  

2 . b Improved unders t and ing o f  flow mechani sms : 

Act ive Program 

Yes  

No 

D - 2 9 

Percent o f  Re s pondent s 
P r i or i ty 

H igh Medium Low 

4 4 % 1 9 %  0 %  

0 %  1 9 %  1 9 %  



IV- 3 CHEMICAL FLOODING ( cont inued ) 

2 . c Under s t and ing o f  polymer therma l degr ad a t ion mechani sms : 

Act ive Program 

Yes  

No 

Percent o f  Re s ponden t s  
P r i o r i ty 

H igh M ed ium Low 

1 9 %  1 3 %  0 %  

0 %  2 5 %  4 4 %  

2 . d E f fec t s  o f  microorgan ims /bioc ide s on polymer s t abi l i t y : 

Ac t ive Program 

Yes  

No  

P e rcent of  Re s pond ent s 
P r i or i t y  

H i gh Med ium Low 

1 3 %  1 3 %  0 %  

2 5 %  1 9 %  3 1 %  

2 . e Polymer propagat ion and ret ent i on : 

Act ive Program 

Ye s 

No 

2 . f  Factors a f fe c t ing i n j ec t ivity : 

Act ive Progr am 

Ye s 

No 

D - 3 0  

Percent o f  Re s pondent s 
P r i o r i t y  

H igh Med i um Low 

4 4 %  1 9 % 0 %  

0 %  3 1 %  6 %  

Percent o f  Re s pondent s 
P r i or i ty 

H i gh Med ium L ow 

2 5  1 9 %  6 %  

1 3 %  1 9 %  1 9 %  



IV- 3 CHEMICAL FLOODING ( cont inued ) 

2 . g Improved po lymer cros s - l i nk ing t r eatment s :  

Act ive Program 

Yes  

No 

Percent of Re s pond ent s 
Prior i t y  

H i gh Med ium Low 

3 8 %  2 5 %  0 %  

6 %  0 %  3 1 %  

2 . h Improved a lkal ine f l ood ing proc e s s e s : 

Act ive Program 

Yes 

No 

3 .  Pro j ect D e s ign and Ana ly s i s  

Percent o f  Re s pond ent s 
Prior i t y  

H i gh Med ium Low 

1 3 %  0 %  6 %  

0 % 1 3 %  6 9 %  

3 . a De s ign o f  pro j ect pa t t ern s i z e / type and f ac i l i t ie s : 

Ac t ive Program 

Yes 

No 

Percent o f  Res pond ent s 
P r i or i t y  

H igh Med ium Low 

6 %  1 3 %  0 %  

6 %  2 5 %  5 0 %  

3 . b  Vert ical  d i s t r ibut ion o f  f luids : 

Ac t ive Program 

Yes 

No 

D - 3 1 

Percent o f  Re s pondent s 
Pr ior i t y  

H i gh Med ium Low 

2 5 %  1 9 %  0 %  

1 3 %  1 9 %  2 5 %  



NP C RE SEARCH SURVE Y ADDENDUM 

( ALL RE S P ONDENT S )  

1 .  Wou ld you c on t r ibute money t o  a cooperat ive r e s earch program 
i f  the money we re mat ched by DOE : 

Yes  3 2  
No 2 5  

Leve l o f  con t r ibu t i on : 

Le s s  t h an $ 1 0 , 0 0 0  5 
$ 1 0 , 0 0 0  t o  $ 1 0 0 , 0 0 0  1 9  
$ 1 0 0 , 0 0 0  t o  $ 5 0 0 , 0 0 0  6 
Over $ 5 0 0 , 0 0 0  0 

2 .  Fund s wou ld be i n  add i t ion t o  current spend ing on re s e arch 
and development : 

Y e s  3 8  
No 1 0  

Number o f  re spondent s with no R&D ac t iv i t y : 2 3  

3 .  Mo s t  e f fect ive cooperat ive research i n s t i t ut e  s t ruc ture : 

Permanent ly s t a ff ed nat i onal pe troleum r e s e arch i ns t i t u t e : 1 
An i ndu s t ry comm i t t ee with volunt ary par t i c ipat i on and 

mat ch ing government funds : 2 4  
A non- i ndus t ry - l ed group : 1 9 
Other - s t ructure : 1 1  

4 .  A new cooperat ive e ffor t i s  l ikely t o  h ave a po s i t ive impact 
on the dome s t i c  o i l  and gas supply out l ook : 

Y e s  3 7  
No _ .  1 6 

For yes  re spondent s ,  the mos t  e ffect ive feature s would b e : 

a .  Focus o f  r e s e arch 

EOR only 1 4  
Broad-based geo s c i enc e 2 3  
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b .  Type o f  Cont rol 

I ndus t ry led / cont rolled 
Univers i t y  led / cont rol led 
DOE led / cont ro l l ed 

c .  Type o f  part ic ipat ion 

I ndus t ry 3 3  
Univer s i ty 3 2  
DOE 3 2  

2 4  
1 1  

0 

5 .  Do you have t he techni c a l  s t a f f  nec e s s ary t o  provide advice 
and app ly the result s to operat ions : 

Yes 3 2  
No 2 2  

( RE S P ONDENTS WHO ANSWERED XE.S.. T O  QUE S T I ON 1 )  

NOTE : The fo l l owing result s include only t ho s e  r e s pons e s  for the 
re spondent s who an swered Yes  t o  que s t ion 1 .  

2 .  Fund s would be in add i t ion to current spend ing on rese arch 
and deve lopment : 

Yes  2 7  
No 5 

Number o f  respondent s with no R&D ac t ivi t y : 2 3  

3 .  Mo st  e ffect ive cooperat ive re search i ns t i t u t e  s t ruc ture : 

Permanent ly s t a ffed nat iona l pet roleum res earch i ns t i t u t e : 0 
An indu s t ry commi t t ee with vo lunt ary part i c ipat ion and 

match ing government funds : 1 6  
A non- indu s t ry-led group : 1 1  

4 .  A new cooperat ive e f fort i s  l i ke ly t o  h ave a po s i t ive impact 
on the dome s t i c oi l and gas supply out l ook : 

Y e s  2 5  
No 6 

D - 3 3  



For yes res pond ent s ,  the mo s t  e f fect ive feature s wou ld be : 

a .  F ocus o f  re s e arch 
EOR only 7 
B road-b a s ed geo s c ience 1 8  

b .  Type o f  Cont rol 
I ndus t ry l ed / cont ro l l ed 1 7  
Unive r s i t y  l ed / cont ro l led 6 
DOE l ed / cont ro l l ed 0 

c .  Type o f  part ic ipat ion 
I ndus t ry 2 4  
Univer s i t y  2 3  
DOE 2 4  

5 .  Do you have the t echni cal  s t a f f  nece s s ary t o  provide adv i ce 
and app ly the result s to  operat ions : 

Yes  2 3  
No 8 
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NATI ONAL PETROLEUM COUNC IL 
OIL AND GAS 

RESEARCH AND DEVELOPMENT 
SURVEY 

ADDENDUM 

The fo l lowing are other coope rat ive re s e arch ins t i tute s truc tures  
l i s ted by survey r e s pondents : *  

COMPANY A :  
A non- indu s try- led group with indu s try to have more 

in fluence than j u s t  advi s ory . 

COMPANY B :  
A comb i nation o f  an indus try committee and a non- i ndus try

led group wi th an indus try committee to provide more than 
" advice . " I ndu s try shou ld direct the pro j e c t s  to be r e s e arched , 
with a Un ive r s i ty consort ium c arrying out the t a s k . 

COMPANY C :  
I t  i s  our view that o i l  re covery re s e arch i s  be ing handled 

e f f i c iently in the pr ivate s e c tor . A new DOE - s ponsored Petroleum 
Re s ea rch I n s t i tu te would be redundant , and not c o s t-e ffec tive . 

COMPANY D : 
( In re gard s to a non- indus try- led group ) The s uc ce s s ful 

consort i a  such as S tan ford ' s  Geophy s i c a l  Consort ium have rea l ly 
been led by parti c i pant s and the work done by the Un i vers i ty . 

COMPANY E :  
Wou ld recommend that , i f DOE wa s intere s ted in  s t imul a t ing / 

leverag ing rese arch , i t  be done through a tax re l ie f  mechani sm . 

COMPANY F :  
Jo int re s e arch pro j e c t s  deve loped under an indu s try c om

mittee cou ld be c ontracted to unive r s i t i e s , pr ivate re s e arch 
institute s , one of the part i c ipating compan ie s , or o the r or
gan i z at ions , depend ing on s e l ec t ion o f  the be st-qu a l i f ied R & D  
organ i zat ion for the particular j ob .  Partic ipation b y  i nd ividual 
compani e s  wou ld be vo luntary and on a pro j ect -by-pro j e c t  b a s is , 
and indiv idua l pro j e c t s  wou ld be sub j ect to d ire c t ion by the 
partic ipating compan i e s . 

* 
The letter de s ignations are random and do not re late to the 

des i gna t ion s in the an swe r  to que s tion 5 in Part I . 
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COMPANY G :  
A comb inat ion o f  an indus try commi ttee and a non- i ndus try

led group wi th i ndus try l e ad ing the group . 

COMPANY H :  
An interna l comm i ttee o f  DOE , compo sed o f  ex i s ti ng 

emp loye e s , could a l loc ate DOE funds to committed j o i nt indus try 
research e f fotrs that have five or more indu s try and / or ac ademic 
part ic ipant s . DOE funds should not exceed 2 0 %  of total pro j ect 
c a sh contributions o f  other parti c i pant s . 

COMPANY I :  
Uti l i z e a non- i ndu s try- led group w ithout government match ing 

funds . 

COMPANY J :  
A nationa l i n s t i tute with a lean s ta f f  charged on ly to man

age and direct re s e arch e fforts . Thi s  group wou ld report to an 
i ndustry-or iented board o f  d irector s . The actual  r e s e arch work 
wou ld be done by univers i t i e s , pr i vate compan i e s , consult ing c om
pan ie s , and the l ike . 

COMPANY K : 
An indus try committee i s  e s senti a l ly an expans ion o f  

Task Force concept but i nc lud ing match ing fund s from DOE . 
c eptua l ly , Company K doe s not b e l ieve that suppor t  by the 
any form of monetary support i s  appropriate . 

COMPANY L :  

the 
Con

DOE in 

An I n s t i tute with industry contro l , unive r s ity i nvo lvement , 
and government match ing funds . The ins t i tute wou ld be funded a s  
a who le and not o n  a pro j ec t  bas i s . A permanent core s ta f f  i s  
de s i red w i th rotat ion po s s ible from univers i ty and i ndu s try . 

COMPANY M :  
Some o f  our o i l  s tate univer s i t i e s  have c apab l e  re s e arch 

s c i enti s t s  who c ou ld do a good j ob w i th i ndu s try advice and 
leadersh ip p lus add i t ional funding . 

COMPANY N :  
A non- indus try- led group - - I ndus try shou ld h ave s trong re

view author i ty over the se lection o f  pro j ects  and eva luati on o f  
re s e arch propo s a l s  and r e sults . 
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The following are other des ired featur e s  o f  a cooperat ive 
re s e arch ins t i t ut e  l i s t ed by survey re spond ent s :  

COMPANY 0 
I ndustry t o  have more than pa s s ive advi sory role . 

COMPANY P :  
Although t he focus should be broad based , Company P be l i eves 

EOR has the mo s t  to o f fer . 

COMPANY Q :  
Part ic ipat ion by not - for-pro f i t  rese arch i ns t i tut e s  related 

to geosc ienc e s . 

COMPANY R :  
Maj or involvement o f  a wide range o f  s c ie nt i f i c  and engi 

neering d i s c ip l i ne s . 

COMPANY S :  
I ndu s t ry shou ld have s t rong revi ew author i t y  over the s e lec

t ion o f  res earch propo s a l s  and result s .  

Other general comment s provided by respondent s :  

COMPANY T :  
I f  any program i s  ini t i at ed , i t  should d e f i n i t e ly be indu s 

t ry led , indus t ry cont rol led , and i ndus t ry part i c ipat i on . Any 
other cont rol would not be e f fec t ive nor wou ld i t  be c ooperat ive . 
Without indu s t ry the program wou ld fai l . The re fore , i t  shou ld 
not be placed i n  a univer s i ty consort ium .  

COMPANY U :  
Would cont r ibut e t o  a cooperat ive rese arch p rogram a s  l ong 

as not cont ro l led or unduly influenced by DOE . 

COMPANY V :  
B e l i eve that the t echno logy i s  avai lable t o  incre a s e  o i l  and 

gas recovery but that uns t able oi l and gas pr i c e s  do not a l l ow 
i t s  impl ementat ion . 

COMPANY W :  
Cont r ibut ions wou ld be on a voluntary , pro j e c t -by-pro j ec t  

bas i s  and t h e  scope o f  each pro j ect would b e  subj ect t o  company 
d i rect ion . 
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COMPANY X :  
Cooperative e ffor t would not have a pos i tive impact on 

supply outlook in the sense of a maj or imp ac t  on dome s t i c  s up
p l ie s , but coope rative re search on a pro j ec t-by-pro j ect bas i s  
with vo luntary partic ipat i on and indus try direction i s  worth
whi l e , is currently s upported , and wi l l  continue to be s upported 
as a supp l ement to company programs . 

COMPANY Y :  
A nat i ona l energy po l icy , integrated with nations o f  wor ld 

which produce needs to inc lude con s i deration o f  above ( que s t ions 
4 and 5 ) . Otherwi s e , let ma j or s  pursue on a c ompet i t ive bas i s , 
as o f  pre s ent . 

COMPANY Z :  
Indus try mu s t  p l ay a dominant ro le in pro j ec t  s e lect ion , 

s teward sh ip , and fie ld te s t ing . Otherwi s e , the value to us would 
be very low . D i fferent organ i z at iona l opt i on s  s uch a s  a univer
s ity cons ort ium cou l d  be succe s s fu l  if thi s  cond i t i on i s  met . 

Focus o f  re s earch - - broad-ba s ed geo s c ience exc l uding 
explorat ion re s e arch . 

Any type o f  control can work but indu stry contro l i s  e s s en
tial . 

COMPANY AA :  
Focus on integrated reservo i r  de s c r iption ( integr ated inter

d i s c ip l inary approach to res ervo i r  de s c r iption and characte r i z a
t ion by geo sc ient i sts  and engineers ) .  

COMPANY AB : 
We be l i eve we have the s ta f f  that c an o f fer s ugge s t ions for 

re se arch and can uti l i z e new and improved ideas , a fter they h ave 
been deve loped . 

COMPANY AC :  
Indu s try contributions could be through i ncreased a s s oc ia

tion due s ( e . g . , the NPC ) , whi ch would be pas sed on , thereby 
a s sur ing more wide spread partic ipat ion . Under any mechan i sm ,  
however , acce s s  to the R & D  should be r e s tr i c ted to only thos e  who 
have contributed . 

COMPANY AD : 
I s imp ly do not be l ieve i n  s ome s ort o f  an Energy Re s earch 

Ins t i tu te . It wi l l  turn i nto an expens ive a lb atro s s . 
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NATIONAL PETROLEUM COUNCI L  

COMPANIES RESPOND ING 
TO THE 

NPC O I L  AND GAS 
RESEARCH AND DEVELOPMENT 

SURVEY AND ADDENDUM 

Amer i c an Pet ro fina , 
I ncorporated 

Amoco Corporat ion 

* Apache Corporat ion 

Ashland O i l , I nc . 

At l ant i c  Rich f i e ld Company 

Baker Hughe s I ncorporat ed 

* Bas s Brothers Enterpri s e s , I nc . 

BP America I nc . 

Bur l i ngton Northern I nc . 

* B ruce C a lder , I nc . 

Cameron I ron Works , Inc . 

* Capt iva Corporat i on 

* Chand ler & As soc i a t e s ,  I nc .  

* Chevron Corporat i on 

Conoco I nc . 

* Cox O i l  & Gas , I nc . 

* Dalwood Corporat i on 

* Delt aUS Corporat ion 

Dre s s er I ndus t r i e s , I nc . 

* Re spond ed t o  Addendum only . 

* E nr on Corp . 

Ethy l  Corpo ra t i on 

Exxon Corporat ion 

* For e s t  O i l Corpo ra t i on 

* Miche l T .  H albouty Energy Co . 

H a l l ibur t on Company 

* Hami l t on O i l  Corporat ion 

* Roy M .  Hu f f ingt on , I nc . 

Jone s Company 

K ep l inge r Ho ld ings , Ltd . 

§ Kerr-McGee C orporat i on 

The Lou i s i ana Land and 
Explorat ion C ompany 

* McFarl and Energy , I nc .  

* Magui re O i l Company 

* Maxu s Energy Corpor at i on 

§ Me s a  L imi t ed P art ner s h i p  

M i t ch e l l  Energy and 
Deve lopment Corpora t ion 

Mob i l  Corporat i on 

§ Re s ponded t o  i n i t i a l  Survey only . 
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Murphy O i l  Corporat ion § S un Company , I nc . 

§ Nob l e  A f f i l i at e s , I nc . Tenneco I nc . 

§ Occ ident a l  Petroleum Corporat ion T e s oro Petroleum C orpora t ion 

Panh and l e  E a s t e rn Corporat i on Texaco I nc . 

* Panhand l e  Produc i ng Company Texa s E a s t ern Corporat ion 

* Parker Dri l l ing C ompany * Transco Energy C ompany 

§ Pennzo i l  Company Union Pac i f i c  Res ourc e s  Company 

Phi l l ip s  P e t ro leum Company Union Tex a s  P e t ro leum 
Corporat ion 

* P i t t s Energy Group 
Unoc a l  Corporat i on 

Pruet Dri l l ing C ompany 
USX C orporat ion 

Schlumberger L im i t ed 
* Ward P e t ro l eum Corporat i on 

She l l  O i l  Company 
* M .  H .  Wh i t t i e r  Corporat i on 

* Sonat I nc . 
* The Wi l l i ams Compani e s , I nc . 

* Re sponded t o  Addendum only . 
§ Re sponded t o  i ni t i al Survey only . 
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APPENDIX E 

GOVERNMENT-FUNDED PROGRAMS 

RELA'IED TO 

PE1ROLEUM GEOSCIENCE 



TABLE 1. NSF: Directorate for Geosciences (GEO) 

Millions of Dollars 

FY 1 987 FY 1 988 FY 1 989 Change, 
Actual Current Proposed" %b 

Atmospheric Sciences 93.5 96.3 104.3 8.2 
Atmospheric Sciences Projects (total) 48.0 48.8 52.7 8 . 1 

Aeronomy 6.2 6.0 6.8 1 3 .5  
Atmospheric chemistry 6. 1 8 .7  1 0 .0 1 4 .9 
Climate dynamics 8.6 8.8 9. 1 3.9 
Experimental meteorology 5.0 5 .0 6 . 1  22.0 
Global Atmospheric Research Program 

(GARP) 4 . 1  3 .0  0 .0 - 1 00.0 
Magnetospheric physics 4.8c 5 .2  8.4 
Meteorology 8.6 9. 1 1 1 .6 27 .6  
Solar-terrestrial research 6.9 3.5 4.0 1 4 .3 
National Center for Atmospheric 

Research ( total) 4 1 .3 42 .8 46. 1 7 .8 
Climate and Global Dynamics 3.5 3 .4 3.6 5 .8 
Atmospheric Chemistry 3 . 1 3 . 1 3 .4  9 .7  
H igh-Altitude Observatory 3 . 1 3 .3  3 .3  2 . 1 
Advanced Study Programs 0.7 0 .9 0.9 2.2 
Meso- and M icroscale Meteorology 2.7 2 . 7  3 .0  1 1 . 1  

Scientific Computing 1 2 .3 1 2 .2 1 2 .5  2 . 1 
Atmospheric Technology 7 .0 7 .5  9 .5 26.7 
U niversity Corporation for Atmospheric 

Researchd 1 .8 0.9 0.9 2.4 
Otherc 8.0 8.8 9.0 1 .8 

Upper Atmospheric Facilities 4.2 4 .8 5.4 1 2 .9 

Earth Sciences 49.9 5 1 .3 59.3 15.6 
Earth sciences project su pport (total) 34.3 35.4 38.5 8.8 

Stratigraphy and paleontology 3.9 3 .9 4 .2  7 . 7  
Surficial processes 3.4 3.6 4 . 1 1 3 . 9  
Crustal structure a n d  tectonics 3.9 4 .0 4 .3  7 .5  
Seismology 4.5 4 .6 5.0 8 .7  
Experimental and theoretical geophysics 4.9 5.0 5 .5 1 0 .0 
Petrogenesis and mineral resources 4. 1 4 .2 4 .6 9 .5 
Volcanology and mantle geochemistry 3 .7  3 .8 4 .2  1 0 .5 
Experimental and theoretical 

geochemistry 5.9 6.0 6.6 1 0 .0 
I nstrumentation and facili ties 5 .0 5 .4 6.0 1 2 .3 
Continental lithosphere 1 0 .5 1 0 .5 1 4 .8 40. 1 

Ocean Sciences 133.7 135.4 146.5 8.2 
Ocean Sciences Research Su pport (total) 66.6 67.4 73 . 1 8 .4 

Physical oceanography 22.5 22.8 24.0 5 .0 
Chemical oceanography 1 3 .4 1 3 . 7  1 5 .0  9 .5 
Marine geology and geophysics 1 6.2  1 6 .2 1 6 .5 1 .9 
Biological oceanography 14 .4  14 .8  1 7 .6 1 9 .3 

Oceanographic Centers and Facilities 37 .2 37 .3  4 1 .3 1 0 .9 
Ocean Drilling Program' 30.0 30.7 32 . 1 4 .6 

Arctic Research Program 8.1 8.3 10.8 29.9 
Arctic research projects 7.6 7 .9 10 .3 3 1 .5 
Arctic Research Commission 0.5 0.5 0.5 4 .2d 

Totai GEO 285.2 291 .3 320.9 10. 1  

Numbers may not total because o f  rounding. Source: National Science Foundation. 
•from the FY 1989 budget submitted to Congress by President Reagan. 
bChange from FY 1 988 current to FY 1 989 proposed. Percentages are calculated directly from original 

figures supplied by NSF, before rounding. 
clncludes administrative and support services and physical plant operation and maintenance. 
dContractor Management budget for NSFs support of the University Corporation for Atmospheric 

Research. 
'These figures equal the total cost of the program less foreign funding and inputs from other U.S. agencies. 

Foreign contributions to ODP are expected to be $ 1 5.0 million in FY 1988 and $ 15.5 million in 1989. 

NO'IE: Reprinted, with permission, from EOS Transactions American Geopbysjca! Union. Vol. 69, No. 14, 
April S, 1988. Copyright by the American Geq�hysica! Union. 
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TABLE 2. NASA Research and Development Program Budget 
Budget Authority , 
millions of dollars 

FY 1 989 Change 
FY 1 987 FY 1 988 Proposed a %b 

Space Station 420.0 392.3 967.4 146.6 

Space Transportation Capability 
Development 495.5 609.8 63 1 . 1  3.4 

Space Science and Applications 1 547.6 1575.8 1859.6 18.0 
Physics and Astronomy (total) 554.0 6 1 0.8 79 1 .6 29.6 

H ubble Space Telescope 96.0 93. 1 1 02.2 9.8 
Gamma Ray Observatory 50.5 53.4 4 1 .9 - 2 1 .5 
Global Geospace Science 0.0 20.0 1 0 1 .4 407.0 
Advanced X-Ray Astrophysics Facility 0.0 0.0 27 .0 1 00.0 
Shuttle/Spacelab payload mission 

management and integration 72.8 54.2 6 1 .5 1 3 .5 
Payload and instrument development 43.7  77 . 1 76.4 
Space Station integrated planning 

and attached payloads 1 5 . 5  1 8 .9 8.0 - 57 . 7  
Explorer development 55.7 67.9 82. 1 20.9 
Mission operations and data analysis 1 3 1 .0 1 32.0 1 56.2 1 8 . 3  
Research a n d  analysis 53.4 82.9 89. 1 7 .5  
Suborbital program 79. 1 44.7 45. 1 0.9 

Life Sciences (total) 7 1 .8 69.5 1 0 1 . 7 46.3 
Planetary exploration ( total) 359.2 329.2 404.0 22.7  

Galileo 7 1 .2 5 1 .9 6 1 . 3 1 8 . 1 
Ulysses 1 0.3  7 .8 1 0.3  32 .0 
Magellan 97.3 73.0 33.9 - 53.6 
Mars Observer 35.8 53.9 1 02.2 89.6 
Mission operations and data analysis 75. 1 74.7 1 1 2 .7  50.9 
Research and analysis 69.5 67.9 83.6 23 . 1 

Space Applications (total) 562.6 566.3 562.3 - 0.7 
Solid earth observations 72.4 74.3 82. 1 1 0.5  
Environmental observations 3 1 8.3  3 1 3 .5  368.3 1 7. 5  
Other< 1 7 1 .9 1 78.5 1 1 1 .9 - 3 7. 3  

Commercial Programs 40.9 73.7 57.9 - 2 1 .4 

Aeronautical Research and 
Technology 374.0 334.8 414.2 23.7 

Transatmospheric Research and 
Technology 45.0 52.5 84.4 60.8 

Space Research and Technology 206.0 223.6 390.9 74.8 

Safet� Reliability, and Quality 
Assurance 12.0 14. 1 22.4 58.9 

Tracking and Advanced Data Systems 17 . 1  1 7.9 1 8.8 5.0 

Total R&:D 3 1 53.7 3294.5 4446.7 35.0 

Numbers may not total because of rounding. Source: National Aeronautics and Space Administration. 
°From the FY 1 988 budget proposed by President Reagan. 
hChange from FY 1 988 to FY 1 989 proposed. 
<Includes Materials Processing, Space Communication, and Information Systems. 
NOTE: Reprinted, with permission, from EQS Trm•a&tiODI American Geophysical Union. Vol. 69, No. 14, 

April S, 1988. Copyright by the American Geqmysical Union. 
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TABLE 3. NOAA Budget for Operations, Research, and Facilities (ORF) 

M illions of Dollars 

FY 1 987 FY 1 988 FY 1 989 Change, 
Actual Approp. Proposed %a 

National Ocean Service 1 14.9 1 1 6.7 7 1 .4 - 38.8 
Mapping, charting, and geodesy 42.0 43 .0  44 .2  2 .8  
Observation a n d  assessment 30.4 30 .3  1 9 . 7  - 35 . 0  
Ocean a n d  coastal management 4 2 . 5  43 .4  7 . 5  - 8 2 . 7  

National Marine Fisheries Service 165.8 162.0 96.8 - 40.2 

Oceanic and Atmospheric 
Research 147.9 1 4 1 .3 98. 1 - 30.6 

Climate and air quality research 3 7 . 7  36. 1 48 .4  34 . 1 
Interannual and seasonal 

climate 1 0 .6 1 0 . 3  7 . 4  - 2 8 . 1 
Long-term climate and air 

quality 25 .0  2 3 . 8  24 .9 4 . 6  
Climate a n d  Global Change 0.0 0 .0  1 5 .0b 1 00 . 0  
National Climate Program 2 . 1 2 . 3  1 . 1  - 52 . 1 

Atmospheric programs 45.5 40.8 3 8 . 6  - 5 . 8  
Weather research 40.9 36.4 3 3 . 9  - 6 . 8  
Solar-terrestrial services and 

research 4.6 4 .4  4 .6  4 . 5  
Ocean a n d  Great Lakes 

programs 64 . 7  64 . 3  1 1 . 2  - 8 2 . 7  
Marine research 1 3 . 7  1 4 . 5 1 1 .2 - 2 2 . 7  
Sea Grant 40.3 3 8 . 2  0 .0  - 1 00 . 0  
Undersea research program 1 0 .6 1 l.ti  0 .0  - 1 00 .0  

National Weather Service 333.2 332.0 333.4 0.4 

National Environmental Satellite, 
Data, and Information 
Services 289.2 300.5 408.8 36.0 

Satell ite observing systems 267 .7  279. 1 386.2 38.4 
Polar orbiting system 30.9 75.0 1 30 .4  7 3 . 8  
Geostationary system 1 36 .7  1 2 8 . 1 1 7 2 . 1 3 4 . 3  
NOAA-Port< 0.0 3 .5 0 .0  - 1 00 . 0  
Landsat commercialization 2 7 . 5  0 .0  34 . 1  1 00 . 0  
Environmental observing 

services 72.6 72 .5  49.6 - 3 1 . 5 
Environmental data 

management system 2 1 . 5 2 1 .4 2 2 . 5  5 . 2  

Program Support 1 22.2 1 27.3 1 24.7 2.8 

Total, ORF Program 
Requirements 1 1 73. 1  1 206.3 1 1 33.2 - 6. 1  

Numbers may not total because o f  rounding. Source: 1\'ational Oceanic and Atmospheric Administration.  
°Change from FY 1 98 8  appropriation to FY 1 989 proposed . 
b$3 million of this request to be used for restoration of funds to the TOGA program. 
<NOAA-Port is a proposed data transfer facility. 
N01E: Reprinled, with permission, from EQS Transactions. American GeQl!bysical UniOIL Vol. 69, No. 14, 

April S, 1988. Copyright by the American Geaphysical Union. 
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TABLE 4. U.S . Geological Survey Budget 

Millions of Dollars 

FY 1 987 FY 1 988 FY 1 989 Change, 
Actual Base a Proposedb %c 

Geologic and Mineral Resource 
Surveys and Mapping 169.0 1 76.2 1 67.8 - 4.8 

Geologic hazards surveys 48.3 48.6 45.6 -6.2 
Geologic framework and processes 24.5 27.0 23.3  - 1 3 .9  
Offshore geologic surveys 24.8 25.2 28.2 1 1 .9  
Mineral resource surveys 45. 1 46.6 46.3 -0.8  
Energy geologic surveys 26.3 28.7 24 .5 - 1 4.8 

Water Resources Investigations 1 4 1 .2 147.7 1 33.3 - 9.7 
NWRRIS/ Federal Program 74.9 78. 1 72. 1 - 7 .6 
NWRRIS, Federal-State 

Cooperative Program 55.2 58.8 55.9 - 4 .4 
State Research I nstitutes and 

Federal Grants Program 1 1 . l  1 0.8  5 .3  - 5 1 .2 

National Mapping, Geography, and 
Surveys 88.5 90.2 90.0 - 0. 1  

Primary Mapping and Revision 34.4 35.6 35.6 0.0 
Digital Cartography 1 3 .8  14 .0  1 3 .3 - 5 .4 
Small,  Intermediate, and Special 

Mapping 1 4.2 1 3 .4 1 2 .5 - 6.5 
Advanced Cartographic Systems 1 2 .2 1 3 .2 1 7 .7  34 .0  
Earth Resources Observation 

Systems (EROS) 9.0 8.6 7 . 1 - 1 7 .4 
Cartographic and Geographic 

Information 3.5 3.8 3.8 0.0 
Side-Looking Airborne Radar 

(SLAR) 1 .5 1 .5 0.0 - 1 00.0 

Facilities 15. 1  1 7.4 1 7.4 0.0 

General Administration 1 7 . 1  14.4 1 6.4 1 3.8 

Total 430.9 445.9 425.0 - 4.7 

Numbers may not total because of rounding. Source : U.S. Geological Survey. 
aFY 1 989 base is calculated by making adjustments to 1 987 appropriation, mostly for pay increase effective 

January I ,  1 987,  and for new retirement system. 
"Taken from the FY 1 988 budget proposed by the Reagan Administration. 
'"Change from FY 1 989 base to FY 1 989 proposed. Percentages are calculated directly from original figures 

sur,piied by USGS, before rounding. 
National Water Resources Research and I n formation Systems. 
N01E: Reprinted, with permission, from F.0S Transactions AmericanGeQI}bysical Union. Vol. 69, No. 14, 

April S, 1988. Copyright by the American Gecphysical Union. 
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TABLE 5 

EXPENDI TURES RELATED TO GEO SC IENCE PROGRAMS 

ALL DOE GEOSCIENCES 

Solid Earth S c ience s 
Atmospher ic Geo s c i enc e s  
Ocean Geo s c i e nc e s  
Spac e and S o l ar Terre s t r i a l  Geo s c i ence s  
Hydrolog i c a l  Geo s c i enc e s  

Tot a l  

SUBD IVIS ION O F  SOLID EARTH 
BUDGET ( $ 8 8M )  

Geotherma l , Hot D ry Rock , and 
The rma l Regime s 

Tar S and s , O i l  Shale , Coa l 
Petroleum Geo s c ienc e s  
Underground Coal Gas i f icat i on 
Unconvent iona l Ga s 
Gas to L iquids 

Tot a l  

* 

Al l 

FY 8 5  
Expend i t ur e s  

( amount s in M $ ) 

8 8  
2 5  
1 3  

1 
1 5  

1 4 2 *  

Fund i ng Geo s c ienc e s  

3 6  3 6  
2 0  

9 7 
1 0  
1 2  2 

1 
88§ 45� 

Geo s c ienc e s  as de f i ned in DOE ( 1 9 8 6 )  Geo s c i ence P ro j ect s ,  
FY 1 9 8 5 . 

§
Budge t  i n  geo s c i ence- re l at ed energy s upp ly areas . 

i
Approximat e amount ac t ua l ly for s o l i d  earth s c i enc e s . 

Sourc e : Geo s c i ence Proj ect s ,  FY 1 9 8 5  L i s t i ng ,  DOE / ER- 0 2 7 7 . 
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